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ABSTRACT 
High elevation fir and spruce-fir forests of the 
Southern Appalachians were sampled in the Black Mountains, 
North Carolina and in the Great Smoky Mountains, Tennessee 
and North Carolina. Both absolute and relative data were 
collected on the composition of the overstory and understory 
strata; the ground cover stratum was sampled for relative 
data. Both stands infested by the balsam woolly aphid and un-
infested stands were sampled to determine the effects of the 
opened canopy caused by the death of Fraser fir on the popu-
lation dynamics of these boreal ecosystems. Comparison of 
stand composition and use of correlation and regression 
analysis revealed trends in changes. 
Overstory density in uninfested fir and spruce-fir 
forests at 6000 feet elevation or above averaged 354.7 stems 
per acre with a basal area total of 205.6 square feet per 
acre. In lower elevation uninfested stands overstory density 
averaged 280.4 stems per acre and basal area averaged 232 
square feet per acre. Those stands infested by the balsam 
woolly aphid displayed decreasing overstory densities and 
basal areas in response to Fraser fir death. 
Sapling densities are believed to have varied more as 
a result of sampling error than in response to fir death. 
Uninfested stands at or above 6000 feet elevation averaged 
119.9 sapling stems per acre (77.3% fir), lower elevation 
stands averaged 168.6 stems per acre (67.4% fir). 
iv 
v 
Stems less than one inch DBH and more than two feet 
tall exhibited the greatest response to aphid-caused Fraser 
fir death. These stems averaged 1110.5 stems per acre (50.2% 
fir) in the high elevation uninfested stands, 2828.3 stems 
per acre (24.1% fir) in the lower elevation stands sampled 
and 6238.5 stems per acre (18.8% fir) in the stands with the 
longest period of time since the death of fir occurred. Not 
only did the total subsapling density increase significantly 
in those stands infested by the balsam woolly aphid, but 
the relative composition of this stratum changed drastically 
also. As demonstrated by simple comparison of stand composi-
tion and by correlation and regression analyses, the densities 
of thornless blackberry (Rubus canadensis), red raspberry 
(Rubus idaeus var. canadensis) and Fraser fir increased 
significantly in response to overstory fir death. However, 
the densities of mountain cranberry (Vaccinium erythrocarpum) 
and hobblebush (Viburnum alnifolium) decreased. 
Changes in the composition of the ground cover layer 
in response to the death of fir were also significant. Oxalis 
acetosella cover and total moss cover decreased as the canopy 
opened due to the death of fir. 
Based on regression analysis results, the amount of 
aphid-caused fir death was a good predictor of increased 
densities of thornless blackberry and subsapling fir. In-
creased fir death was a predictor of less mountain cranberry 
and hobblebush densities. 
vi 
Correlation of site and vegetation variables revealed 
that Oxalis acetosella and thornless blackberry increased 
toward dry sites and toward increased exposed surface rock. 
Pteridophyte cover increased toward mesic sites and as sur-
face rock cover decreased. 
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I. INTRODUCTION 
The composition and structure of the Southern Appala-
chians boreal forest system were investigated for tKo reasons: 
1) to obtain baseline data concerning existing fir and spruce-
fir stands and 2) to compare these stands to those infested 
by the balsam woolly aphid (Adelges piceae Ratz.) in order to 
relate time of aphid-caused death of Fraser fir (Abies fraseri 
(Pursh.) Poir.) and other ecological variables to vegetation 
succession and understory and ground cover composition. 
Argument still exists concerning the taxonomic validity 
of the species, Abies fraseri (Pursh.) Pair. Certain investi-
gators contend that it is a true species (Myers and Bormann, 
1963; Little, 1971), others maintain that Fraser fir should 
be considered simply a variety of the more northern balsam 
fir (Abies balsamea (L.) Mill) (Thor and Barnett, 1974). 
Regardless of its level of taxonomic distinctness, 
Fraser fir is limited in distribution to high elevations 1n 
the Southern Appalachians of southwest Virginia, western 
North Carolina and eastern Tennessee (Little, 1953). Several 
authors have reported a similarity between the flora of these 
southern fir and spruce-fir forests and the flora of the 
northern counterpart where Fraser fir is replaced by balsam 
fir (Oosting and Billings, 1951; Ramseur, 1960; Hoffman, 
1964b; Norris, 1964). These similarities suggest a past 
more continuous distribution of the eastern boreal forest 
system. 
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Whittaker (1956) and Mark (1958) maintained that during 
Pleistocene glaciation the boreal forest occurred farther 
south than its present range and was continuous through the 
Southern Appalachians. They further contend that post-
Wisconsin xerothermic or hypsithermal periods provided suffi-
ciently warm climates to force the fir and, in some places, 
the spruce-fir forests off the lower elevation peaks in the 
southern portion of this range, thereby decimating the seed 
source needed for reinvasion during periods of cooler climates 
that followed. Bryoecological information based on the dis-
tribution of Hylocomium splendens (Hedw.) B.S.G. appears to 
support this contention (Norris, 1964). 
Zavarin and Snajberk (1972) reported chemical evidence 
to support this hypothesis. In fact, they contend that bal-
sam fir spread to its present range from refugia in the West 
and in the South that now harbor populations of subalpine 
fir (Abies lasiocarpa (Hook) Nutt.) and Fraser fir, respec-
tively. 
During this xerothermic or hypsithermal period, Mark 
(1958) reports that balsam fir suffered a reduction in bio-
types during these xeric times yielding Fraser fir. Due to 
its restricted distribution and to the length of time it has 
been isolated, Fraser fir has probably lost much of its 
original genetic variability. This reduction in ability to 
produce new diverse genotypes has resulted in a lower resis-
tance to diseases and infestations. Therefore, when the 
balsam woolly aphid was ~ccidentally intrdduced into the U.S. 
States about 1900 (Balch, 1952) and spread to the Southern 
Appalachians, Fraser fir was demonstrated to be one of the 
true firs with least resistance to the attack (Silen and 
Woike, 1959). Amount of aphid infestation per fir tree 
appeared directly related to diameter size of the tree 
(Johnson, 1977). 
In the present investigation, uninfested fir and 
spruce-fir stands in the Great Smoky Mountains were sampled 
to provide a permanent record of their composition and 
structure in the event that Fraser fir is eliminated from 
this system. Infested stands in the Great Smoky Mountains 
and in the Black Mountains were sampled for comparison. 
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II. THE STUDY AREA 
Location and Topography 
The Great Smoky Mountains and Black Mountains study 
areas are in the southern section of the Blue Ridge Province 
of the Appalachian Highlands (Fenneman, 1938). The moun-
tains which comprise the Great Smoky Mountains National 
Park are part of the Unaka Range at the western edge of the 
Blue Ridge Province, the Black Mountains are in the interior 
of the Blue Ridge Range. 
The Black Mountains ln Yancey County in western North 
Carolina, so named because of the dense coniferous forests 
of the high elevations (Pinchot and Ashe, 1897), lie approxi-
mately 20 miles northeast of Asheville, 35° 45' north and 
82° 15' west and northward. Study areas are on the Mt. 
Mitchell and Celo 7.5 minute quadrangles of the United States 
Geological Survey. 
The Great Smoky Mountains comprise approximately 
508,000 acres in parts of five counties in eastern Tennessee 
and western North Carolina. That portion of the Great 
Smoky Mountains included in this study lies northeast of 
Clingmans Dome, 35° 33' north and 83° 30' west. Study areas 
are on the Clingmans Dome, Mt. LeConte, Bunches Bald, Mt. 
Guyot, Luftee Knob and Cove Creek Gap 7.5 minute quadrangles 
of the United States Geological Survey. 
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The mountains of both areas are very old and have been 
subjected to much weathering resulting in the many rounded 
summits and the "subdued~' appearance (Fenneman, 1938). The 
higher slopes, commonly with 20% to 60% slopes, are less 
steep than the valley sides (Fenneman, 1938). The Black 
Mountains drain in the Mt. Mitchell area on the north and 
west into the Cane and Toe Rivers, tributaries to the Noli-
chucky River, and to the Swannanoa and French Broad Rivers 
on the south and east. The Great Smoky Mountains drain 
into the Pigeon River on the north and east, the Little 
Tennessee River on the south and the Little Pigeon River on 
the north and west. 
Climate 
Although some areas in the Great Smoky Mountains 
recei ve more precipitation t han the Black Mountains due to 
the moist Gulf air masses which reach the Great Smoky Moun-
tains before reaching the Black Mountains, the overall 
climate of both study areas can still be discussed jointly 
as trends appear similar for the high elevation sites. How-
ever, the terrain of these areas doubtlessly causes micro-
climatic differences similar to those found by Shanks and 
Norris (1950) due to the effects of aspect. 
Official collection of climatic data began on Mt. 
Mitchell in 1873 when a party of Signal Service observers 
sp ent the months of May, June, July and August on the summit 
re cording t emperature, rainfall, barometric pressure and 
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other features of the weather (Message from the President, 
1902). They described the high elevation climate as follows: 
The highest temperature observed on the 
summit of the mountain during the four months 
was 72° in July; the lowes4 41° in June. The 
monthly mean temperatures for the four months 
were as follows: May, 49.3°; June, 54.1°; 
July, 56.4°; and August, 55.3°. The rainfall 
was very heavy, 36.8 inches being recorded while 
the observers were on the summit. Rain fell on 
21 days in May, 22 in June, 15 in July, and 21 
in August. There was a great abundance of 
foggy and cloudy weather, the fog and clouds 
being frequently below the summit. The pre-
vailing winds were from a westerly quarter. 
Shanks (1954) reported that the spruce-fir forests of 
the Southern Appalachians are warmer and wetter than their 
Acadian Boreal counterparts and classified those of the 
Great Smoky Mountains as more humid than the most humid 
climatic categories of Thornthwaite (1931, 1948). At 
6300 feet in the Great Smoky Mountains, precipitation peaks 
occur in late winter and late summer as January averages 
11.86 inches and August 10.14 inches; the remaining months 
average between 4.97 inches in October and 8.36 inches in 
June (Stephens, 1969). An annual average of 90.48 inches 
at 6300 feet elevation was reported by Stephens (1969) and 
90.9 inches was reported by Shanks (1954). Precipitation 
decreases downslope to 89.0 inches at 5000 feet elevation 
and 78.8 inches at 3800 feet elevation (Shanks, 1954). This 
increase in precipitation with an increase in altitude is 
accompanied by a greater increase in water surplus since 
evapot~anspiration decreases with elevation (Shanks, 1954). 
Total precipitation is less in the Black Mountains 
with an annual average at 6635 feet elevation of 71.2 inches 
with a high of 8.94 inches in August, 8.12 inches i n July 
and 6.34 inches in March (Carney, 1955). 
In general, precipitation increases with increased 
elevation; Smallshaw (1953) reported an increase of approxi-
mately nine inches for each 1000 feet of elevational in-
crease in the Southern Appalachians. However, he also 
reported that the effect of elevation appeared to be some-
what less pronounced above elevations of 3000-3500 feet. 
He further observed the significant effect of other factors 
on the amount of rainfall such as updraft, carry-over of 
moisture-laden air and funneling of winds which results in 
less total rainfall at an elevation of 5600 feet on Snake 
Mountain, North Carolina than at lower surrounding eleva-
·tions. 
Intensity of rainfall is also apparently greater at 
higher elevations in the Great Smoky Mountains as Bogucki 
(1972) reported the occurrence of 194 intense rainfalls 
over a 30 year period at elevations above 4000 feet while 
elevations below 4000 feet experienced only 56 such storms. 
Clingmans Dome, the location of the highest rain gauge in 
the Park at 6250 feet elevation, accounted for 122 of the 
194. 
Mean monthly temperature reaches an average low of 
28.7°F in February and an average high of 56.5°F in July in 
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the Great Smoky Mountains at these highest elevations 
(Stephens, 1969). The average January low at Mt. Mitchell 
is 28.7°F and the average high in July is 59.2°F (Carney, 
1955). 
Although measurements of temperature changes through-
out the year are important, perhaps the essence of these 
measurements concerns those that dictate the length of the 
growing season. Wang (1963) considered the growing season 
as the number of days between the last killing frost in 
spring and the first one in autumn. However, although such 
temperature extremes will indeed retard or limit plant 
growth, certain plant physiological processes may decrease 
to a minimum at higher temperatures. Stephens (1969) 
measured .the length of growing seasons at four elevations 
0 0 in the Great Smoky Mountains at temperatures of 32 F, 36 F 
and 40°F. Surprisingly, the growing season based on the 
32°F and 36°F limits in the spruce-fir zone measured at 
6300 feet elevation were 152.25 days and 136.25 days, 
respectively, which did not differ significantly from that 
at Park Headquarters located at 1460 feet elevation. This 
latter growing season length at 36°F was actually longer 
than that found at all lower elevation weather stations. 
However, the growing season defined by 40°F at 6300 feet 
elevation was only 96.50 days. Dickson (1959) found the 
growing season on Mt. Mitchell to be 126 days at 32°F. 
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The average temperature was 2.23°F lower for every 
1000 feet increase -in elevation in the Southern Appalachians 
according to Shanks (1954). This gradual decrease in tempera-
ture with increase in elevation results in the spruce-fir 
zone of the Great Smoky Mountains and the Black Mountains 
averaging 10°F to 15°F colder than the base of the mountains 
during the growing season. 
Dickson (1959), using the Thornthwaite method, calcu-
lated potential evapotranspiration for Mt. Mitchell where it 
ranged from zero in December through March to a monthly high 
of 3.4 inches in July. Shanks (1954) reported similar trends 
in the Great Smoky Mountains; the potential evapotranspira-
t i on at 6300 feet elevation ranged from zero in January to a 
monthly hi gh of 3.9 inches in July resulting in a large 
water surplus. 
Soil temperatures vary according to elevation and 
according to environmental differences within the same 
elevation (Shanks, 1956). A lag appears in the spring 
warming of the soil at 6000 feet elevation as the soil 
temperature ranges from a low of approximately 30°F in March 
to a high of approximately 52°F in August (Shanks, 1956). 
Geology 
Black Mountains. This area is almost completely 
underl a in by Carolina gneiss of Archean age (Keith, 1905). 
Although the origin of Carolina gneiss is not completely 
known, it is a very old metasedimentary series that apparently 
10 
was much metamorphosed and invaded by granitic material 
during Precambrian time then subjected to further deformation 
and regional metamorphism during Paleozoic time (Hadley and 
Goldsmith, 1963). This formation consists mainly of mica-
gneiss and mica-schist combinations with smaller amounts of 
garnet-schist, garnet-gneiss, cyanite-gneiss and fine grani-
toid layers. The Black Mountains area in particular contains 
a considerable amount of cyanite which, due to its resistance 
to weathering, is largely responsible for the great height 
of this range (Keith, 1905). Apparently no true measure of 
the thickness of this formation has been obtained but it 
appears to be extremely thick. 
Great Smoky Mountains. Most of the eastern portion 
of the Great Smoky Mountains consists of variably metamor-
phosed sandstone, conglomerate and siltstone, many thousands 
of feet thick known as the Ocoee Series of late Precambrian 
Age (Hadley and Goldsmith, 1963). These rocks are underlain 
by a complex assemblage of granitic and metasedimentary 
gneisses much older than the Ocoee Series (Hadley and Gold-
smith, 1963). 
Rocks in the study area are all part of the Grea~ 
Smoky Group, Thunderhead sandstone being predominant and the 
Anakeesta Formation outcropping over small areas. Thunder-
head Sandstone is characterized by 6000-12,000 feet of thick-
bedded, medium to coarse grained feldspathic sandstone and 
fine arkosic conglomerate with metamorphic biotite generally 
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present (Hadley and Goldsmith, 1963). The Anakeesta Forma-
tion includes a greater variety of rocks than does the 
Thunderhead Sandstone, including a small pebbled arkosic 
conglomerate, graywacke, fine to coarse grained feldspathic 
sandstone, gray chloritoidal slate and argillite, very dark 
carbonaceous slate and phyllite and dark carbonate rocks 
(Hadley and Goldsmith, 1963). It characteristically con-
tains dark carbonaceous and sulfide-bearing pelitic and 
arenitic rocks and thin dolomite beds that often intertongue 
with the Thunderhead Sandstone making the boundary between 
these two formations often indistinct (Hadley and Goldsmith, 
1963). 
Soils 
Black Mountains. Soils in the Mt. Mitchell area are 
composed primarily of the rough stony phase of the Porters 
series (Perkins and Gettys, 1952). They are classified as 
lithosolic Gray-Brown Podzolic soils characterized by weakly 
developed horizons: the A horizon is friable and brown to 
dark brown in color while the B horizon is very permeable 
and brown to yellowish-brown in color. Composed of residuum 
from granite, gneiss or schist, these soils are further 
characterized by many small angular rock fragments, boulders 
and many outcrops of bedrock, very rapid external drainage 
and moderate to rapid internal drainage (Perkins and Gettys, 
1952). Holmes (1911) characterized these soils as black 
loams with sandy subsoils varying from a few inches to two 
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feet thick. Keith (1905) further observed that the clay 
cover on the decayed rocks was thin. Due to stoniness and 
shallowness to bedrock, these soils were given a fifth class 
rating indicating their poor agricultural potential (Perkins 
and Gettys, 1952). 
Great Smoky Mountains. Soils of this area have been 
termed rough mountainous land or stony rough land and are 
composed mainly of soils of the Ramsey and Porters series 
(Hubbard, et al., 1956; Goldston, et al., 1954). They are 
characterized by the occurrence of numerous large angular 
rock fragments, rapid external drainage, moderate internal 
drainage, low pH, low base status, high exchangeable aluminum 
and decreasing amounts of organic carbon with increasing 
depth (Goldston, et al., 1954; Cain, 1931; McCracken, et al., 
1962). 
Due to shallowness and poorly developed profiles, 
these soils were classified by Goldston, et al., (1954) as 
lithosols, later as Sol Brun Acides (McCracken, et al., 
1962) and finally as Inceptisols with these specific soils 
in the Great Smoky Mountains belonging to the Umbic Dystro-
chrept Subgroup (Wolfe, 1967). Likewise, Coile (1938) 
described the formation of Podzols within certain high 
elevation forests of the Southern Appalachians and Wolfe 
(1967) further classified those in the Great Smoky Mountains 
as Spodosols belonging to the Entic Normorthod Subgroup. 
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McGinnis (1958) described a soil profile under spruce-
fir vegetation on a southeast-facing slope near Newfound Gap 
in the Great Smoky Mountains at 5200 feet elevation. He 
found the parent material to be graywacke with thin L, F, H1 
and H2 layers present. The A horizon consisted of 5.1 ern 
of A1 and 3.4 ern of AB while the B was 5.4 ern thick and un-
differentiated. 
Subsoil within the spruce-fir zone of the Great 
Smoky Mountains, and presumably in the Black Mountains as 
well, was found to be less acidic than the surface soil as 
Cain (1931) reported the pH of the subsoil to be 3.8 as 
compared to 3.6 in the surface soil at an elevation of 6500 
feet. Generally he discovered that soil pH decreases with 
an increase in elevation. Soils in heath balds, sampled at 
elevations of 6600 and 5000 feet, displayed more acidic 
soils than those of the spruce-fir stands. 
Flora 
Black Mountains. Ramseur (1960) compiled the vas-
cular flora of the high elevation vegetation of the Southern 
Ap palachians above 5500 feet elevation and collected 391 
species and varieties, of which 139 occurred in the Black 
Mountains of North Carolina. This number included Betula 
papyrifera var. cordifolia (Regel.) Fern., occurring at 
the southern ex tent of its range. Ramseur (1960) found it 
to be limited to th e Bl ack Mountains where it occurs as a 
r a re c anopy tree. He also reported a southern range 
extension to the Black Mountains for Agrostis borealis 
Hartm., from its previous southernmost extent on Roan 
Mountain on the Tennessee-North Carolina border. 
Southern Appalachian vascular plant endemics are 
numerous as Harper (1947) listed 188 such species. Such 
plant endemics occurring in the spruce-fir forests of the 
Black Mountains include Abies fraseri, Rhododendron cataw-
biense, Diervilla sessilifolia, Vaccinium erythrocarpum, 
Chelone lyoni and Solidago glomerata. Other species wide-
spread in Canada and the northern United States but limited 
to the uplands and mountains in the Southern Appalachians 
occurring in the Black Mountains include Picea rubens, 
Betula lutea, Prunus pensylvanica, Serbus americana, Acer 
spicatum, Acer pensylvanicum, Viburnum alnifolium, Sambucus 
pubens, Rubus canadensis, Rubus idaeus var. canadensis, 
Carex brunnescens, Clintonia borealis, Oxalis acetosella 
and Aster acuminatus (Ramseur, 1960). 
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Great Smoky Mountains. Hoffman (1964a, 1966) com-
pleted a checklist of the vascular plants of the entire 
Great Smoky Mountains National Park and Ramseur (1960) 
worked intensively in the high elevation plant communities 
of the Great Smoky Mountains. Ramseur (1960) reported 185 
vascular species and varieties from the spruce-fir forests 
above 5500 feet elevation in the Great Smoky Mountains. 
Included in this number were Senecio rugelia, an endemic to 
these mountains, and Calamagrostis cainii, a narrow endemic 
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to the Great Smoky Mountains which occurs only near the 
summit of Mt. LeConte. Other Southern Appalachians vascular 
plants endemic to the spruce-fir forests of the Great Smoky 
Mountains include Abies fraseri, Rhododendron catawbiense, 
Diervilla sessilifolia, Vaccinium erythrocarpum, Chelone 
lyo~i and Solidago glomerata. Species occurring in the 
spruce-fir forests of the Great Smoky Mountains that have 
ranges widespread in Canada and northern United States but 
limited to the uplands and mountains in the Southern Appa-
lachians include Picea rubens, Betula lutea, Prunus pensyl-
vanica, Sorbus americana, Acer spicatum, Acer pensylvanicum, 
Viburnum alnifolium, Viburnum cassinoides, Sambucus pubens, 
Rubus canadensis, Rubus idaeus var. canadensis, Carex 
brunnescens, Circaea alpina, Clintonia borealis, Polygonum 
cilinode, Oxalis acetosella and Aster acuminatus (Ramseur, 
1960). Oosting and Billings (1951) reported an unusually 
high proportion of species common to both spruce-fir forests 
of the Southern Appalachians and of the White Mountains in 
New Hampshire. Likewise, Hoffman (1964b) reported that 36 
families of plants, 78 genera and 109 species and varieties 
were common to the boreal forests of Canada, Alaska and the 
Great Smoky Mountains. 
Black spruce, Picea mariana (Miller) BSP., has been 
reported in the Great Smoky Mountains (Gattinger, 1901; 
Ayres and Ashe, 1905; House, 1913; Cain, 1930) but undoubted-
ly this was in reference to red spruce, Picea rubens. Both 
red spruce and Fraser fir, Abies fraseri, were thought to 
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reach the westernmost and southernmost extent of their 
ranges in the Great Smoky Mountains approximately three 
miles west of Clingmans Dome (Stupka, 1964). However, a 
population of Fraser fir has been reported to occur approxi-
mately 35 miles southwest of this range limit on the summit 
of Haw Knob at an elevation of 5472 feet (DeVore, 1972). 
Whether this is a naturally occurring stand is not known. 
Cain (1930, 1937, 1943, 1945) has contributed im-
mensely to the understanding of the Great Smoky Mountains. 
He reports that the woody taxa of the spruce-fir forests are 
definitely northern in their affinities as 59% of the woody 
taxa such as Betula lenta, Viburnum alnifolium, Prunus 
pensylvanica, Acer spicatum and Acer pensylvanicum are ex-
traneous and contain northern elements which find their 
southern distributional limits in the Great Smoky Mountains 
or vicinity (Cain, 1930). 
Cain (1945) classified 301 flowering plant taxa 
occurring above 4500 feet elevation in the Great Smoky 
Mountains according to their life form (Raunkiaer, 1934). · 
Hemicryptophytes· were the predominant life form comprising 
56.5% of the taxa while phanerophytes comprised 21.2%, 
cryptophytes 17.2 %, therophytes 2.6% and chamaephytes 2.3%, 
a spectrum quite similar to the entire Great Smoky Mountains 
National Park which displayed 52.1%, 19.5%, 15.1%, 11.5% 
and 1.7 % respectively. 
The bryophyte flora of the Park is also large; Norris 
(1964) reported over 200 species within the spruce-fir zone. 
.He also sampled the bryophytes of the Adirondacks and 
discovered that 132 species occur there in the spruce-fir 
forests, of which 105 occur in the Southern Appalachians. 
One species in particular, Hylocomium splendens (Hedw.) 
B.S.G., is quite restricted in the Southern Appalachians 
to spruce-fir forests and is replaced by oth~r species at 
lower elevations. 
Vegetation 
17 
Black Mountains. Because of a higher degree of human 
'·----... o.e-
disturbance, the Black Mountains have been less fully in-
---
vestigated than the Great Smoky Mountains. Descriptions by 
Harshberger (1903), Davis (1930), Oosting and Billings 
(1951), Ramseur (1960) and Weaver (1972) generally confirm 
vegetational patterns reported in the Great Smoky Mountains. 
Great Smoky Mountains. Composition and structure of 
the spruce-fir forests in the Great Smoky Mountains have 
been intensively investigated (Cain, 1930; Cain, 1931, Cain, 
1935; Cain, 1937; Cain and Sharp, 1938; Oosting and Bill-
ings, 1951; Whi ttaker, 1948, 1956; Crandall, 1958; Ramseur, 
1960; Schofield, 1960; No rris, 1964). Oosting and Billings 
(1951) considered these forests as the best developed and 
most extensive virgin forests of spruce-fir in the Southern 
Appalachians and found them to be closely related to the 
Northern Appa l achian spruce-fir forests to which these 
southern stands were undoubtedly geographically connected 
during the Pleistocene. Norris (1964) noted the physiog-
nomic, floristic and vegetational similarities of the 
Southern Appalachian spruce-fir forests to those of the 
Adirondack Mountains 1n New York. Whittaker (1948) also 
observed the similarity in composition and structure of 
the Southern Appalachian spruce-fir forests to these of 
Canada but noted that the floristic differences between 
the two were significant enough to merit recognition of 
this southern assemblage as a separate division of the 
boreal. forest system in eastern North America. 
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Although isolated spruce-fir stands occur as low as 
4000 feet elevation within the Great Smoky Mo~ntains Nation-
al Park (Cooley, 1954), they generally occur at elevations 
greater than 5000 feet from Mt. Sterling in the northeast 
to Clingmans Dome in the southwest portion of the Park. 
These stands contain mixtures of Fraser fir and red spruce 
that vary in number with elevation and site as red spruce 
density decreases with an increase in elevation whereas 
Fraser fir density increases with an increase in elevation 
attaining ne a rly pure stands on certain high peaks in the 
Park. 
Oosti ng and Billings (1951) reported that Fraser fir 
was thr e e to five times more abundant in spruce-fir stands 
than red s pruce (all stems greater than one inch DBH). Fir 
s eedlings le~s than one inch DBH averaged 108.3 stems per 
1 00 square me ters comp a red to 26.1 stems per 100 square 
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meters of red spruce seedlings. However, although Fraser 
fir was more abundant, red spruce had a higher basal area 
than fir. They also found that red spruce occurred in small 
numbers in each of a wide range of diameter size classes 
while Fraser fir occurred in higher numbers in fewer size 
classe r . 
Due to overstocking and overtopping, the age and 
amount of growth based on number of growth rings per diam-
eter size at breast height, of both red spruce and Fraser 
fir, showed little correlation, although near Clingmans 
Dome a red spruce that was 21 inches DBH had 359 annual 
rings and a 15.3 inch DBH fir had 168 rings (Oosting and 
Billings, 1951). In general, red spruce attains larger 
si ze than Fraser fir, reaching 120 feet in height and 
40 inches DBH, while mature fir trees only reach approxi-
mately 40 feet in height. Korstian (1937) reported a 
57 inch DBH, 162 feet tall red spruce in the Southern 
Appalachians but the largest known red spruce in the Great 
Smoky ~ount a ins has a diameter of 52.5 inches and a height 
of 106 f eet (Stupka, 1964). The largest known Fraser fir 
in these mountains has a diameter of 30.2 inches and a 
height of 44 feet (Stupka, 1964). 
Commonly associated canopy trees include Sorbus 
americana, Prunus pensylvanica, Betula lutea and Acer 
spicatum. ~ hitt aker (1948) observed that the elevational 
distribution of Sorbus americana was similar to that of 
Fraser fir as it increased in abundance with an increase 
in elevation. Prunus pensylvanica, Betula lutea and Acer 
spicatum displayed trends similar to red spruce as they 
decreased in abundance with an increase in elevation with-
in the spruce-fir zone (Whittaker, 1948). 
Common shrubs include Acer pensylvanicum, Ilex 
ambigua var. montana, Vaccinium erythrocarpum, Viburnum 
alnifolium, Rhododendron catawbiense and Rhododendron maxi-
mum. Whittaker (1948) reported that the undergrowth of 
spruce forests in the Great Smoky Mountains consisted of 
five layers: ground moss, low herb, fern, low heath and 
high shrub represented by Hylocomium splendens, Oxalis 
montana, Dryopteris campyloptera, Hugeria (Vaccinium) 
erythrocarpa and Viburnum lantanoides (y. alnifolium), 
respectively. On the other hand, the fir forest under-
growth was composed of only three layers: ground moss, 
Oxalis and ferns which often total more than 200% coverage 
when combined. He also observed that these undergrowth 
elements were favored by mesic sites and that all strata 
decreased in coverage toward xeric sites where heath became 
more important. 
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Crandall (1958) further investigated these under-
growth layers and described eight site types in fir and 
spruce-fir forests above 5500 feet elevation. These types 
inc 1 u de : 1 ) · 0 x a 1 is - H y 1 o com i urn , 2 ) 0 x a 1 is - Dry opt e r i s , 3 ) Vi -
burnum-Vaccinium-Dryopteris, 4) Senecio, 5) Rhododendron, 
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6) Hylocomium-Vaccinium, 7) Viburnum-Vaccinium-Senecio and 
8) Rhododendron-Viburnum. 
Common ground cover species present include Hylo-
comium splendens, Athyrium asplenioides, Dryopteris inter-
media, Oxalis acetosella and Senecio rugelia which often 
total more than 100 % coverage. Crandall (1958) found that 
many of the same species of herbaceous plants occur through-
out the altitudinal range of the Southern Appalachian 
boreal forests, but certain species are more characteristic 
of specific forest types. She further observed that Senecio 
rugelia, a Great Smoky Mountains endemic, is of low fre-
quency but often of high coverage when present. Whittaker 
(1948) distinguished between mesic herbs such as Solidago 
glomerata, Senecio rugelia, Chelone lyoni, Aster acuminatus 
and Aster divaricatus, occurring in moist sites in valleys 
near springs from the mesic herbs such as Oxalis montana 
and Clintonia borealis which were best developed on north 
slopes and flats. 
Cain and Sharp (1938) studied the bryophytic unions 
within the forest types of the Great Smoky Mountains. With-
in the spruce-fir zone they reported a Hylocomium splendens 
union in the terrestrial communities and a Polytrichum 
ohioense union and a Sphagnum union from the epilithic 
communities. They also found four unions in the epixylic 
communities and three unions from the corticolous communi-
ties. Norris (1964) further investigated the bryoecology 
of the spruce-fir zone of the Great Smoky Mountains and 
reported 22 bryophytic unions from these high elevation 
forests. Although moss coverage is generally high in the 
spruce-fir forests of the Great Smoky Mountains, Whittaker 
(1948) noted that this coverage increased with an increase 
in elevation. 
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III. METHODS 
Field work was begun in July 1974 and continued 
through September 1974 in the Great Smoky Mountains National 
Park, Tennessee and North Carolina, and in the Black Moun-
tains of North Carolina in Mt. Mitchell State Park and ad-
jacent Pisgah National Forest. Locations to be sampled 
within the Great Smoky Mountains were chosen on the basis of 
amount and dates of infestation of the balsam woolly aphid 
as best determined from U. S. Forest Service mapping pro-
jects (Ciesla, et al., 1965; Rauschenberger and Lambert, 
1969; Rauschenberger and Lambert, 1970), from personal com-
munication with Park personnel and from personal recon-
naissance. Stand changes within the Great Smoky Mountains 
ranged from none in the Central portion to extreme in the 
Mi. Sterling and Spruce Mountain areas. Changes in the 
Mt. Mitchell area of the Black Mountains were extreme in 
all stands sampled. The summit of Mt. Mitchell and the area 
bordering the road approaching the summit were sprayed to 
control the aphid infestation to attempt to save the high 
elevation forests for the tourists, but no plots were estab-
lished in these areas. 
Stands chosen were first located on topographic maps; 
representative stands of similar exposure in several areas 
were chosen for field sampling. Stands that were sampled 
ranged from 5120 feet elevation to 6600 feet elevation. 
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Since stands were predetermined from known information con-
cerning aphid infestation, but plot l ocation was random, the 
overall design was considered stratified random. 
The terms disturbed and undisturbed are used through-
out this investigation to refer to stands infested by the 
balsam woolly aphid and stands not infested, respectively. 
Stands were chosen so that other perturbations were mini-
mized. 
Within each sampling area, a series of 0.1 acre 
circular plots were established. These plots were corrected 
for slope according to Bryan (1956) and within each plot, 
all sterns one inch DBH and greater were tallied by species. 
All sterns five inches DBH or greater, hereafter referred to 
as overstory sterns, were tallied by species and number and 
were placed in two inch DBH size classes. All sterns 1-4.9 
inches DBH, hereafter referred to as sapling sterns, were 
counted by species. 
Transects six feet wide were walked along the north-
south and the east-west diameters of the 0.1 acre circular 
plots (area totalled approximately 0.02 acre) to sample all 
sterns between two feet tall and one inch DBH, hereafter re-
ferred to as subsapling sterns, which were counted by species. 
In order to avoid repetitive sampling in the center of the 
plots, the second transect i n each plot began and ended three 
f eet outside the perimeter of the 0.1 acre plot and skipped 
the area of the first transect. 
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Also within the 0.1 acre circular plots, eight smaller 
rectangular plots one foot wide and 10.9 feet long were 
established to sample all individuals less than two feet 
tall, hereafter referred to as ground cover (area totalled 
approximately 0.02 acre). Two ground cover plots were lo-
cated on each radius from the center of the 0.1 acre plots 
outward toward the four cardinal points on the periphery of 
the circular plots with the exact locations determined by a 
random numbers table to avoid sampling bias. Within these 
eight plots, percent cover of each taxon was estimated. 
Circular 0.1 acre plots were used because data 
collection by one person was easy and the plot size was 
easily corrected for slope differences. Plot size of 4356 
square feet (404.6 square meters) was considerably larger 
than the 50 square meter plot size found by Cain (1935) to 
be the minimum quadrat sampling size in the fir forest and 
the 200 square meter minimum size in the spruce-fir stands 
of lower elevations. The data from these 0.1 acre plots are 
also easily converted to totals per acre for convenient 
comparison to results of other investigations in the high 
elevation forests of the Southern Appalachians. 
Site characteristics recorded on each plot included: 
elevation from the topographic map, slope angle (percent), 
local slope position, slope form on a vertical basis, aspect, 
estimated surface rock exposed (percent), esti~ated canopy 
closure (percent) and estimated conditions of overstory fir 
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stems. The degree and probable date of aphid infestation 
were also recorded at each plot. This estimate of date of 
fir death was based on the approximate known time of attack 
by the aphids (Speers, 1958; Nagel, 1959; Ciesla, et al., 
1965; Aldrich and Drooz, 1967; Rauschenberger and Lambert, 
1968, 1969, 1970) as well as certain on-site exam~nations and 
measurements of growth rings of saplings and recently killed 
fir sterns. 
Slope angle was measured with an Abney level and de-
termined by obtaining an average of the upslope and downslope 
readings. Local slope position was determined by examining 
the immediate landscape surrounding the plot. Slope form 
(vertical) was recorded as flat, concave or convex. Aspect 
was recorded for each plot based on readings of a Silva com-
pass. 
Individual plant species were determined in the field 
where possible; all unknown specimens were collected and 
compared with specimens in The University of Tennessee 
Herbarium. Nomenclature follows that of Radford, et al., 
(1969) except for that of the byrophytes which follows Crum, 
et al., (1973). 
Plot data were then calculated to obtain absolute and 
relative measures of overstory density and basal area, sap-
ling and subsapling density and percent coverage of individ-
ual and total ground cover taxa. These plot totals were then 
combined into six separate classes based on amount of time 
since infestation by the balsam woolly aphid. 
In addition to simple comparison of group totals, a 
correlation and ·regression analysii was completed on both 
the vegetation and site characteristics of the plot data 
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using a multiple regression, maximum R-square improvement 
technique of the Statistical Analysis System (SAS) as de-
scribed by Service, (1972). These calculations were performed 
on the IBM 360/65 computer at The University of Tennessee 
Computer Center. 
IV. RESULTS AND DISCUSSION 
General 
The assumption was made at the beginning of the in-
vestigation that all stands were similar to the undiscurbed 
stands prior to the onset of the aphid attack. Whether all 
of the differences noted between undisturbed stands and the 
various aged disturbed stands are due to death of fir will 
be considered more fully. The following text and tables 
detail the characteristics of the plots, grouped by time 
since initial aphid attack and aVeraged, used in the study. 
Undisturbed Stands 
Below 6000 feet elevation. Spruce-fir stands sampled 
below 6000 feet elevation in the Great Smoky Mountains 
(n=27) averaged 280.4 overstory stems per acre, 163.7 
(58.4%) of which were Fraser fir (Abies fraseri), 81.5 
(29.1%) red spruce (Picea rubens) and 16.7 (6.0%) yellow 
birch (Betula lutea) (Table 1, column Oa). Six other arbo-
rescent species contributed to the total overstory density 
resulting in an overstory species diversity of nine. Oosting 
and Billings (1951) reported an overstory diversity of eight 
species in seven spruce-fir stands sampled in the Great 
Smoky Mountains below 6000 feet elevation. 
Distribution of density by diameter size classes 
reveals that over 46% of all sapling and overstory density in 
28 
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TABLE 1 
OVERS TORY DENSITY OF DISTURBED AND UNDISTURBED STANDS 
Ot., ( STE!viS /ACRE) 
+5 I~ A. 
Years Since 9J2enin~ of CancEl 
Taxa oa o6 oc 5-6 7-10 11-15 16-20 
Abies fraseri 163.7 280.0 258.0 2.9 56.7 33.1 
Acer spicatum 1.5 1.4 2.3 1.1 
Ame1anchier arborea 
var. 1aevis 1.9 1.4 
Betula 1enta 8.1 1.8 
Betula 1utea 16.7 2.1 4.0 14.3 42.3 
Fagus grandifolia 2.2 o.s 
Picea rubens 81.5 65.3 48.0 60.0 76.4 25.6 16.2 
Prunus pensylvanica 1.5 4.0 1.4 2.2 
Serbus americana 3.3 6.8 12.0 5.7 16.7 10.0 
Total 280.4 354.7 326.0 85.7 124.2 102.3 59.3 
aundisturbed stands < 6000 feet elevation. 
bUndisturbed stands > 6000 feet elevation. 
CDisturbed stands, fir dying. 
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these spurce-fir stands was accounted for by Fraser fir sterns 
one inch to 8.9 inches DBH (Table 2). Red spruce sterns were 
less abundant 1n these small size classes but were present in 
a wider range of size classes than Fraser fir, a characteris-
tic of these high elevation forests reported previously by 
Oosting and Billings (1951). Of the total density, however, 
83.5% of all sterns occurred in diameter size classes below 
13 inches DBH. 
Basal area of the overstory averaged 232 square feet 
per acre in these spruce-fir stands (Table 3, column Oa). Of 
this, 118.2 (50.9%) was of red spruce and 84.5 (36.4%) Fraser 
fir indicating red spruce dominance that is not apparent when 
considering only density. This figure compares with a pre-
viously reported high basal area total of approximately 325 
square feet per acre at 5100 feet elevation in the spruce-fir 
forests of the Great Smoky Mountains (Cain, 1935), 227.4 
square feet per acre in other spruce-fir stands of the Great 
Smoky Mountains (Shanks, 1953) and 247 square feet per acre 
in a red spruce stand at 5000 feet elevation in the Great 
Smoky Mountains (Cain, 1937). Oosting and Billings (1951) 
reported that Fraser fir occurs at higher densities than red 
spruce but that red spruce sterns, on the average, are larger 
thereby yielding a larger basal area. In seven stands sam-
pled above 540 0 fee~ elevation, they reported red spruce com-
prised 50.4 % of the total overstory basal area and Fraser fir 
34.4 %, totals similar to those of the present investigation. 
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TABLE 3 
OVERSTORY BASAL AREA OF DISTURBED AND UNDISTURBED 
STANDS (SQ. FT./ACRE) 
Years Since QEenin~ of Can~l 
o5 Taxa oa oc 5-6 
Abies fraseri 84.5 140.0 136.5 0.5 
Acer spicatwn 0.4 0.3 
Amelanchier arborea 
var. laevis 1.1 
Betula lenta 12.3 
Betula lutea 12.7 2.4 0.8 26.7 
Fagus grandifolia 1.5 0.9 
Picea rubens 118.2 60.2 17.7 117.0 
Prunus pensylvanica 0.6 1.4 1.1 
Sorbus americana 0.7 2.1 4.8 1.1 
Total 232.0 205.6 161.2 146.7 
aundisturbed stands < 6000 feet elevation. 
bUndisturbed stands ~ 6000 feet elevation. 
CDisturbed .stands, fir dying. 
7-10 11-15 
38.9 
0.7 0.2 
0.3 
5.6 
42.1 
75.8 25.2 
0.6 · 
4.1 
124.5 69.0 
16-20 
20 .8 
10.5 
2.5 
33.8 
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Sapling density of these spruce-fir stands below 6000 
feet elevation averaged 168.6 stems per acre (Table 4, column 
Oa). Fraser fir accounted for 113.7 (67.4%) of these stems, 
red spruce only 29.3 (17.4 %). The remainder was mainly 
yellow birch, mountain maple (Acer spicatum), hobblebush 
(Viburnum alnifolium) and sweet birch (Betula lenta). Five 
other species were represented by only a few individuals. 
Based on sampling in seven stands above 5400 feet 
elevation in the Great Smoky Mountains, Oosting and Billings 
(1951) reported an average of 833.6 total stems per acre 
greater than one inch DBH, 516 (61.9%) of which were Fraser 
fir and 180 (21.6 %) red spruce. The present investigation 
observed 449 stems greater than one inch DBH per acre in 
spruce-fir stands between 5260 and 5960 feet elevation. Of 
these, 227.4 (61.8 %) were Fraser fir and 110.8 (24.7%) were 
red spruce. 
In spruce-fir stands sampled below 6000 feet elevation, 
subsapling density averaged 2828.3 stems per acre (Table 5, 
a 
column 0 ). Hobblebush accounted for 924.1 (32.7%) of these, 
Fraser fir 681.5 (24.1 %), mountain cranberry (Vaccinium 
erythrocarpum) 433.4 (15.3 %), thornless blackberry (Rubus 
canadensis) 374 .1 (13. 2%) and red spruce 213 (7.5%). Fifteen 
subsapling taxa were present in the sampled portions of these 
spruce-fir stands. 
Groun d layer coverage, represented by 43 taxa, aver-
aged 107.1 % in these stands (Table 6, column Oa). This total 
TABLE 4 
SAPLING DENSITY OF DISTURBED AND UNDISTURBED 
STANDS (STEMS/ACRE) 
Years Since QEening of CancEl 
Taxa oa oE 0C 5-6 7-10 11-15 
Abies fraseri 113.7 92.6 108.0 8.6 25.5 105.6 
Acer pensylvanicum 1.4 
Acer spicattnn 8.5 4.0 28.6 4.1 3.3 
Amelanchier arborea 
var. laevis 0.4 8.6 .s 
Betula len ta 2.6 
Betula lutea 8.9 4.7 54.0 12.9 17.7 7.8 
Ilex arnbigua var. 
montana 5.7 4.1 
Picea rubens 29.3 13.7 34.0 22.9 46.4 14.4 
Prunus pensyl~anica 0.4 0.5 o.s 11.1 
Rhododendron catawbiense 0.7 32.3 
Sarnbuc us pubens 2.3 3.3 
Serbus americana 0.7 8.4 18.0 7.1 o.s 55.6 
Tsuga canadensis 0.9 
Viburnum alnifolium 3.0 5.7 
Viburnum cassinoides 0.4 
Total 168.6 119.9 218.0 101.5 134.8 201.1 
aundisturbed stands < 6000 feet elevation. 
bundisturbed stands > 6000 feet elevation. 
CDisturbed stands, fir dying. 
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16-20 
58.5 
10.8 
14.6 
83.9 
TABLE 5 
SUBSAPLING DENSITY OF DISTURBED AND UNDISTURBED 
STANDS (STEMS/ACRE) 
Years Since Opening of CancEl 
oE Taxa oa oc 5-6 
Abies fraseri 681.5 557.9 120.0 43.0 
Acer pensylvanicurn 13.0 7.0 
Acer spicatum 37.1 100.0 228.5 
Amelanchier arborea 
var. laevis 9.3 7.0 
Betula lenta 42.6 
Betula lutea 46.3 2.7 20.0 71.5 
Comus alternifolia 7.0 
Diervilla sessili-
folia 7.9 
Fagus grandifolia 1.9 
Hydrangea arbores-
cens 21.5 
Ilex ambigua var. 
montana 9.3 7.0 
~~nziesia pilosa 14.5 
Picea rubens 213.0 26.3 60.0 43.0 
Prunus pensylvanica 
Rhododendron cataw-
biense 5.6 2.7 
Rhododendron maximum 
Rhododendron sp . 
Ribes glandulosurn 
Ribes rotundifolium 5.3 14.5 
Rubus canadensis 374.1 5.3 220.0 1000.0 
Rubus idaeus var. 
canadensis 40.0 
Sambucus pubens 7.4 34.2 35.5 
Serbus americana 29.7 21.1 14.5 
Tsuga canadensis 
· Vaccinium erythro-
carptnn 433 . 4 189.5 150.0 835.5 
Viburnum alnifolium 924.1 257.9 180.0 1600.0 
Total 2828.3 1110.8 890.0 3950.0 
aundisturbed stands < 6000 feet elevation. 
bundisturbed stands ? 6000 feet elevation. 
CDisturbed stands, fir dying. 
7-10 11-15 
329.5 889.0 
9.0 
72.5 16.5 
47.5 s.s 
13.5 
84.0 22.0 
68.0 16.5 
2.5 
2.5 
16.5 
4.5 
1179.5 2972.0 
950.0 
1127.5 178.0 
79.5 105.5 
2.5 
254.5 28.0 
68.0 11.0 
3345.0 5210.5 
35 
16-20 
1173.0 
146.0 
42.5 
4.0 
15.5 
23.0 
88.5 
900.0 
3254.0 
223.0 
307.5 
19.0 
42.5 
6238.5 
TABLE 6 
PERCENT COVER OF GROUND COVER TAXA OF DISTURBED 
AND UNDISTURBED STANDS 
Years Since QEenin~ of CanoEz: 
Taxa oa o6 OC 5-6 7-10 11-15 
Abies fraseri 0.2 0.3 3.0 0.3 o.s 0.7 
Acer spicatum 0.1 0.04 
Agrostis stolonifera 0.03 0.01 0.04 0.1 
Angelica sp. 0.04 
Arisaema triphyllum 0.04 0.01 0.1 0.4 
Aster acuminatus 1.0 4.5 20.5 6.1 16.0 11.3 
Aster divaricatus 0.1 0.02 1.2 1.1 
Athyrium asplenioides 13.6 25.6 14.8 5.4 3.2 38.7 
Atrichum undulatum 2.1 1.0 
Betula lenta 0.004 
Brotherella recurvans 11.7 3.0 6.2 18.6 6.8 1.9 
Carex aestivalis 
Carex brunnescens 0.02 0.7 0.2 0.1 0.3 0.03 
Carex debilis var. 
rudgei 0.03 0.2 0.01 0.1 
Carex intumescens 0.004 0.02 0.1 0.01 1.6 
Chelone lyonii 0.1 0.4 7.7 4.7 
Cimicifuga racemosa 0.1 0.03 
Circaea alpina 0.004 0.1 1.2 
Clintonia borealis 1.7 1.6 0.8 2.6 0.5 0.8 
Dennstaedtia puncti-
lobula 0.3 0.3 
Dicranodontium 
denudatum 0.5 0.3 2.1 0.9 0.7 0.5 
Dicranum fuscescens 0.2 0.5 0.01 0.1 
Dryapteris intermedia 15.6 12.7 11.4 15.5 29.3 13.0 
Epifagus virginiana 0.004 
Eupatorium rugosum 0.03 0.1 
Galium triflorum 0.02 
Glyceria striata 0.01 
Houstonia serpyllifolia 0.02 0.02 0.04 
Hylocornium splendens 11.5 10.4 1.2 8.6 11.3 7.3 
Impatiens pallida 0.1 0.9 0.4 0.6 1.0 
Laportea canadensis 0.3 0.1 
Liverwort 2.5 2.4 0.2 1.1 0.4 0.2 
Luzula sp. 0. 01 0.1 0.03 0.6 
36 
16-20 
0.4 
0.1 
20.6 
2.9 
13.1 
4.5 
0.1 
0.1 
0.3 
0.02 
19.7 
1.7 
0.3 
7.6 
0.2 
1.1 
0.8 
0.3 
37 
TABLE 6 (continued) 
Years Since QEenins of CancEl 
Taxa oa o6 oc 5-6 7-10 11-15 16-20 
Lycopodium lucidulum 2.7 0.1 0.1 
Medeola virginiana 0.01 
Monotropa uniflora 0.01 
Oxalis acetosella 33.8 29.0 33.2 39.0 27.9 7.5 4.5 
Picea rubens 0.04 0.3 0.04 
Polygonum cilinode 4.7 0.4 0.1 
Polypodium virginianum 0.04 0.01 
Polytrichum ohioense 0.5 1.6 0.01 
Ptilliurn crista-
castrensis 0.3 
Rhytidiadelphus 
triquetrus 0.2 2.0 0.05 0.1 0.02 
Rubus canadensis 0.1 0.01 0.02 0.2 
Sambucus pubens 0.02 0.1 
Saxifraga michauxii 0.1 0.1 1.2 
Senecio rugelia 8.2 12.5 4.2 
Smilicina racemosa 0. 01 
Solidago glomerata 0.5 0.8 3.9 9.2 13.7 
Serbus americana 0.03 0.04 0.02 
Sphagnum subni tens 1.2 1.2 0.9 2.1 1.5 1.0 3.2 
Stachys clingmanii 0.2 
Trillium erectum 0.01 0.3 0.01 
Vaccinium 
erythrocarpum 0.3 0.1 
Veratnnn viride 0.1 0.2 
Viburnum alnifolium 0.02 
Viola sp. 0.01 0 .8 0.01 0.01 0.01 
Total 707.1 109.6 113 .6 101.5 109.7 103.5 96.8 
aUndisturbed stands < 6000 feet elevation. 
bUndisturbed stands ~ 6000 feet elevation. 
CDisturbed stands , fir dying. 
38 
included 33.8 % Oxalis acetosella, 15.6% Dryopteris inter-
media, 13.6% Athyrium asplenioides, 11.7% Brotherella re-
curvans, 11.5 % Hylocomium splendens, 25.9% total moss cover 
and 31.9% pteridophyte cover. Thirty-five herbaceous species 
were recorded representing an increase in the previously 
reported total of 27 herbaceous species occurring in sprucP--
fir forests between 5500 and 6000 feet elevation in the Great 
Smoky Mountains (Crandall, 1958). Based on site counts, 
Whittaker (1948) reported that the percent coverage of Oxalis 
montana in spruce-fir forests of the Great Smoky Mountains 
between 5600 and 6100 feet elevation varied from 1% on 
southwest-facing slopes to 66% on northeast-facing slopes. 
He also reported that total moss coverage ranged from 7% on 
southwest-facing slopes to 64% on northeast-facing slopes and 
total fern coverage varied from 3% on southwest-facing slopes 
to 65 % on northeast-facing slopes. Oosting and Billings 
(1951) reported that Oxalis montana averaged 52% coverage and 
Dryopteris dilata cover averaged 29%. 
Six thousand feet elevation and above. Fir and spruce-
fir forests sampled at or above 6000 feet elevation in the 
Great Smoky Moun tains (n=l9) averaged 354.7 overstory sterns 
per acre, 280 (78.9 %) of which were Fraser fir and 65.3 
(18.4%) red spruce (Table 1, column ob, page 29). Only three 
other species were present in the overstory of these high 
elevation forests: Mountain ash (Sorbus americana), yellow 
birch and American Beech (Fagus grandifolia). 
39 
Distribution of density by diameter size classes 
indicates that over 52 % of all stems one inch DBH and greater 
were Fraser fir stems in the one inch to 8.9 inches DBH size 
classes (Table 7). Another 20% were Fraser fir stems 9-12.9 
inches DBH resulting in over 72% of all sapling and overstory 
density accountec for by Fraser fir in these small diameter 
size classes. Cain (1937) referred to these high elevation 
stands as pole stands reflecting the density and small sizes 
of fir. Considering all overstory stems, 89.2% occurred in 
diameter size classes smaller than 13 inches DBH. 
The dominance of Fraser fir in these high elevation 
forests was also demonstrated by the basal area totals of all 
overstory stems (Table 3, column Ob, page 32). The basal 
area of the stands sampled averaged 205.6 square feet per 
acre, 140 (68.1 %) of which were Fraser fir and 60.2 (29.3%) 
red spruce. These figures compare with 69.9% Fraser fir basal 
area and 28.8% red spruce at 6300 feet elevation in the Great 
Smoky Mountains (Oosting and Billings, 1951). Other basal 
area totals reported for fir and spruce-fir stands of the 
Great Smoky Mountains include 167.2 square feet per acre at 
6500 feet elevation (Crandall, 1958), 288.1 square feet per 
acre (90.7 %) Fraser fir and 4.2% red spruce) at 6300 feet 
elevation (Cain, 1935, 1937) and 291.8 square feet per acre 
(87.8% Fraser fir and 5.6 % red spruce) at 6300 feet elevation 
(Cain, 1935, 1937). 
In these stands sampled at elevations of 6000 feet or 
more, sapling density averaged only 119.9 stems per acre 
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(Table 4, column ob, page 34). Fraser fir accounted for 
92.6 (77.2%) of these and red spruce 13.7 (11.4%). Mountain 
ash, yellow birch and fire cherry (Prunus pensylvanica) com-
prised the remaining density resulting in representation of 
only five species in the sapling stratum compared to 11 taxa 
at lower elevations. Fraser fir saplings were relatively 
more abundant than in stands sampled below 6000 feet eleva-
tion in which Fraser fir accounted for only 67.4% of the 
total. 
Subsapling density in these high elevation forests 
was also less than that of the spruce-fir stands of lower 
b 
elevations (Table 5, column 0 , page 35). At 6000 feet 
elevation and above, the subsapling density averaged 1110.5 
stems per acre, 557.9 (50.2%) of which were Fraser fir, 
257.9 (23.2%) .hobblebush and 189.5 (17.1%) mountain cran-
berry. Only 11 species were present in the subsapling stra-
tum of stands sampled compared to 15 species in stands at 
lower elevations. 
Ground cover in these higher elevation stands averaged 
109.6%; 34 species were present (Table 6, column ob, page 36). 
Thirty species were herbaceous which represented an increase 
in diversity from a previous study which reported only 16 
herbaceous species from the 6000-6600 feet elevation band in 
the Great Smoky Mountains (Crandall, 1958). Oxalis acitosella 
was the most dense ground cover species and had a coverage of 
29 %, Athyrium asplenioides had 25.6%, Dryopteris interrnedia 
12.7 %, and Hylocorniurn splendens 10.4%. Moss coverage 
42 
averaged 30% and ferns 38.3 %. Crandall (1958) reported 
38.1 % moss coverage, 49.9 % Oxalis cover and 94.1% fern cover 
in fir forests near Clingrnans Dome in the Great Smoky 
Mountains. 
In fir forests above 6200 feet elevation in the Great 
Smoky Mountains, Whittaker (1948) reported that the cover of 
mosses ranged from 30% on southwest-facing slopes to 95% on 
northeast-facing slopes. He also noted that Oxalis ranged 
in cover from 2% on southwest-facing slopes to 70% on 
northeast-facing slopes and fern cover varied from zero on 
south and southwest-facing slopes to 60% on northeast-facing 
slopes. 
Zero Year Age, Fir Dying 
Those stands attacked by the balsam woolly aphid in 
the past few years without complete death of all overstory 
Fraser fir sterns comprise this group (n=5). Since four of 
the samples in this group were above 6000 feet elevation 
(Table 8), the results are most comparable to those ·of unin-
fested stands above 6000 feet. 
Overstory density in these recently infested stands 
averaged 326 sterns per acre, 258 (79.1%) of which were Fraser 
fir, 48 (14.7 %) red spruce and 12 (3.7%) mountain ash (Table 
c 1, column 0 , page 29). Yellow birch and fire cherry com-
prised the remaining density. This total was slightly less 
than the absolute densities observed in undisturbed stands 
but approximates the relative totals of 78.9% fir, 18.4% red 
spruce and 1.9 % mountain ash observed in uninfested stands. 
Elevation (Feet) 
~ 6500 
6000-6499 
5500-5999 
5000-5499 
Total 
TABLE 8 
NUMBER OF SAMPLE PLOTS IN 
ELEVATIONAL ZONES 
Years Since 0Eenin~ 
oa o5 5-6 7-10 
2 3 
17 1 
18 1 8 19 
9 3 
46 5 8 22 
aundisturbed stands. 
bnisturbed stands, fir dying. 
43 
of CanoE:l 
11-15 16-20 
5 5 
5 8 
10 13 
44 
Size and presumably age distribution in these stands 
approximated that of undisturbed stands above 6000 feet ele-
vation; 71.7 % of the total density occurred in diameter size 
classes smaller than nine inches DBH (Table 9) compared to 
64.2 % in undisturbed stands (Table 7). Of the remaining 
density in the infested stands, 22.8% occurred in the 9-12.9 
inch DBH size class compared to 25% in that size class in 
uninfested stands (Table 7). 
Overstory basal area in stands of this group averaged 
161.2 square feet per acre, 136.5 (84.7%) of which were 
Fraser fir and 17.7 (11%) red spruce (Table 3, column oc, 
page 32). This total is less than that of the uninfested 
stands. A total of 167.2 square feet per acre at 6500 feet 
elevation was reported by Crandall (1958). 
Sapling density in these recently infested stands was 
218 stems per acre, much higher than in undisturbed stands 
which averaged 119.9 stems per acre (Table 4, co·lumn Oc, 
page 34). Percent composition of this sapling layer also 
differed from the undisturbed stands as 108 (49.5%) were 
Fraser fir, 54 (24.8%) yellow birch, 34 (15.6% red spruce, 
18 (8.3%) mountain ash and 4 (1.8%) mountain maple. 
Subsapling density was somewhat less in these stands 
than in undisturbed stands; the average number of stems per 
acre was 890 (Table 5, column Oc, page 35) compared to 1110.5 
stems per acre in the uninfested stands above 6000 feet ele-
vation (Table 5, column Ob). In the former set, thornless 
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46 
blackberry accounted for 220 (24.7%) of these, hobblebush 
180 (20.2%), mountain cranberry 150 (16.9%), Fraser fir 120 
(13.5 %), mountain maple 100 (11.2%) and lesser densities of 
red spruce, red raspberry and yellow birch. 
Total coverage by ground cover taxa was about the same 
as 1n undisturbed stands, the mean was 113.6% (Table 6, 
c 
column 0 , page 36). This represents a slightly higher cover 
of Oxalis acetosella, 33.2%; Aster acuminatus cover was much 
higher at 20.5%; Brotherella recurvans was higher at 6.2%; 
Chelone lyoni was higher at 7.7% and Solidago glomerata was 
n1gner at 3.9%. Dryopteris intermedia approximated the cover 
it displayed in undisturbed stands, as it averaged 11.4%; 
Athyrium asplenioides cover and Hylocomium splendens cover 
were significantly less at 14.8% and 1.2%, respectively. 
Five-Six Years After Fraser Fir Death 
Stands attacked by the balsam woolly aphid followed by 
the death of the overstory Fraser fir approximately 5-6 years 
prior to this investigation comprise this group (n=8). All 
stands sampled were between 5500 and 6000 feet elevation 
(Table 8), and were sampled in the Black Mountains. Results 
are compared to those of the undisturbed stands below 6000 
feet elevation. 
Overstory density in these stands was 85.7 stems per 
acre, much less than in undisturbed stands (Table 1, page 29). 
This lower density reflects the loss of Fraser fir stems as 
red spruce and ye llow birch averaged 60 and 14.3 stems per 
47 
acre, respectively, compared to 81.5 and 16.7 in undisturbed 
stands at similar elevations. Fraser fir, mountain maple 
and fire cherry comprised the remaining density. 
Comparison of diameter class distribution in this 
release class (Table 10) with undisturbed stands below 6000 
feet indicates that in the five-six year release class, higher 
percentages occurred in the 1-4.9 inches size class and lower 
percentages in the 5-12.9 inch classes. In the 1-4.9 inch 
class, mountain maple and red spruce were more numerous and 
in the 1-12.9 inch classes, fir was less numerous. 
The death of Fraser fir was also reflected in the 
overstory basal area, the mean was only 146.7 square feet 
per acre (Table 3, page 32). Red spruce basal area was 117 
square feet per acre, similar to that of undisturbed stands 
below 6000 feet. Basal area of yellow birch was 26.7 square 
feet per acre, considerably higher than in undisturbed 
stands. Relative basal area totals of 79.8% and 18.2% in 
red spruce and yellow birch, respectively, suggest increased 
growth or replacement of overstory Fraser fir. 
Sapling density in these stands was also less than in 
undisturbed stands at similar elevations as the mean was 
101.5 stems per acre (Table 4, page 34). This included 28.6 
(28.2%) mountain maple stems, 22.9 (22.6%) red spruce, 12.9 
(12.7 %) yellow birch, 8.6 (8.5 %) Fraser fir and 8.6 (8.5%) 
serviceberry (Amelanchier arborea var. laevis). Four addi-
tional species contributed to the composition of the sapling 
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layer: striped maple (Acer pensylvanicurn), mountain holly 
(Ilex arnbigua var. montana), mountain ash and hobblebush. 
49 
The density of mountain maple represents a three-fold in-
crease over that in undisturbed stands at similar elevations. 
Subsapling density in these disturbed stands averaged 
3950 stems per acre, significantly higher than the lower ele-
vation undisturbed stands (Table 5, page 35). Composition of 
this stratum differed considerably from that of undisturbed 
stands as hobblebush was the most prevalent taxon with 1600 
(40.5%) stems per acre, thornless blackberry -1000 (25.3%), 
mountain cranberry 835.5 (21.2%) and moUntain maple 228.5 
(5.8%). These subsapling densities which were different from 
those of the undisturbed stands were due to the decrease of 
Fraser fir and red spruce sterns from 681.5 (24.1%) to 43 
(1.1%) and 213 (7.5%) to 43 (1.1%) sterns per acre, respec-
tively. 
Total ground coverage approximated that of uninfested 
stands at similar elevations, the mean was 101.5% (Table 6, 
page 36). Oxalis acetosella cover peaked in these stands 
at 39%; Brotherella recurvans cover also peaked here at 
18.6%; Dryopteris intermedia cover was similar at 15.5%; and 
cover of Hylocornium splendens was less at 8.6%. Coverage of 
Athyriurn asplenioides averaged 5.4%, considerably less than 
in undisturbed stands. Only 19 ground cover tax~ occurred 
in the samples taken in these stands compared to 43 in unin-
fested stands at similar elevations. Senecio rugelia, a 
Great Smoky Mountains endemic, did not occur rn these Black 
Mountains stands. 
Seven-Ten Years After Fraser Fir Death 
so 
Those stands whose canopy opened as a result of the 
death of Fraser fir approximately seven-ten years prior to 
this investigation were on Mt. Sterling in the Great Smoky 
Mountains (n=22). Since these sampled stands were all below 
6000 feet elevation (Table 8, page 43), the results are com-
pared to those of the uninfested stands below 6000 feet 
elevation. 
Overstory density in these stands averaged 124.2 stems 
per acre, much less than in undisturbed stands (Table 1, page 
29). Red spruce and yellow birch comprised most of this 
density, averaging 76.4 (61.5%) and 42.3 (34.1%) sterns per 
acre respectively. Absolute density of red spruce was 
slightly lower than the 81.5 stems per acre in undisturbed 
stands, but relative density was much greater due to the 
absence of Fraser fir. Both absolute and relative density 
of yellow birch were much greater than in uninfested stands. 
Mountain maple, serviceberry and sweet birch comprised the 
remaining overstory density. 
Distribution of density by diameter size classes in 
these stands reveals that 70% of all sapling and overstory 
sterns occurred in the 1-8.9 inch DBH diameter size classes · 
(Table 11). This is similar to the distribution of density 
in undisturbed stands below 6000 feet elevation (Table 2, 
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page 31). The percentages in the 1-4.9 inch size class 
are higher and in the 5-8.9 inch class are lower than in un-
infested stands below 6000 feet but are similar to per-
centages in stands released five-six years. 
Overstory basal area in these disturbed stands re-
flected the density pattern as red spruce and yellow birch 
averaged 75.8 (60.9%) and 42.1 (33.8%), respectively, of 
the total 124.5 square feet per acre (Table 3, page 32). 
Sweet birch comprised most of the remaining basal area, moun-
tain maple and serviceberry contributed least. 
Sapling density was less than that of the uninfested 
stands as the mean was 134.8 sterns per acre (Table 4, page 
34). Composition of this layer was also different from that 
of the undisturbed stands as red spruce comprised 34.4% of 
the total, catawba rhododendron (Rhododendron catawbiense) 
24%, Fraser fir 18.9% and yellow birch 13.2%. 
The subsapling density of 3345 sterns per acre was 
similar to the total in the five-six year group of stands 
sampled and was significantly higher than in the uninfested 
stands (Table 5, page 35). Thornless blackberry was the most 
prevalent taxon as it contributed 1179.5 (35.3%) stems per 
acre to the total, red-be~ried elder (Sambucus pubens) 1127.5 
(33.7%), Fraser fir 329.5 (9.9%) and mountain cranberry 254.5 
(7.6%). Subsapling Fraser fir stems apparently were not 
affected by the infestation as they appeared to be maintain-
ing a high density. Red-berried elder appeared to be an 
invading species as its density increased more than 100-
fold over that in uninfested stands. Thornless blackberry 
was maintaining its high density; it averaged approximately 
four times as many stems as in uninfested stands at similar 
elevations. 
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Total ground cover in these infested stands averaged 
109.7%, including 29.3% Dryopteris intermedia, 27.9% Oxalis 
acetosella, 16% Aster acuminatus and 11.3% Hylocomium 
splendens (Table 6, page 36). Thirty taxa occurred in the 
ground cover layer compared to 43 in the more heavily sampled 
undisturbed stands at similar elevations. Aster acuminatus 
and Dryopteris intermedia had much higher cover and Athyrium 
asplenioides, Oxalis acetosella and Senecio rugelia had less 
cover than in uninfested stands. Solidago glomerata did not 
occur in these sampled areas. Polygonum cilinode, which did 
not occur in uninfested stands, comprised 4.7% of the total 
ground cover in these infested stands suggesting its light 
requirements. 
Eleven-Fifteen Years After Fraser Fir Death 
This group of sampled fir and spruce-fir stands con-
tained Fraser fir sterns which had died approximately 11-15 
years prior to this investigation (n=lO). Since all stands 
comprising this group were above 6000_ feet elevation (Table 
8, page 43) in the Black Mountains, results are compared to 
those of uninfested stands above 6000 feet elevation. 
Overstory density in these stands was 102.3 stems 
per acre, considerably l ess than in undisturbed stands due 
primarily to the loss of Fraser fir (Table 1, page 29). 
Fraser fir averaged 56.7 (55.4%), red spruce 25.6 (25%) and 
mountain ash 16.7 (16.3%) stems per acre. Other species 
occurring in the overstory were fire cherry and mountain 
maple. 
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Based on the distribution of density by diameter size 
classes, these stands appeared much younger than any of the 
previous stands. Here, 80.1% of the total sapling and over-
story density occurred in the 1-8.9 inch DBH diameter size 
classes (Table 12) compared to only 64.2% in undisturbed 
stands at similar elevations (Table 1). This distribution 
was due chiefly to the death of most of the mature fir. 
Percentage distribution of red spruce sterns greater than 
nine inches DBH approximates that of uninfested stands. Over-
all size class distribution and perhaps age class distribu-
tion is similar aside from those due to the loss of Fraser 
fir. 
As expected, mean overstory basal area of 69 square 
feet per acre was considerably less than the total in un-
disturbed stands (Table 3, page 32). Fraser fir accounted 
for 38.9 (56.4 %) square feet of this total, red spruce 25.2 
(36.5%) and mountain ash 4.1 (5.9%). 
Sapling density of 201.1 sterns per acre in these stands 
(Table 4, page 34) was higher than in all other stands e~cept 
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that of fir dying (Table 4, column Oc, page 34). Diversity 
also increased from five species occurring in the sapling 
layer of high elevation uninfested stands to seven species in 
these stands. Fraser fir accounted for 105.6 (52.5%) of 
this total, mountain ash 55.6 (27.6%), red spruce 14.4 (7.2%) 
and fire cherry 11.1 (5.5%). Yellow birch, serviceberry and 
red-berried elder comprised the remaining density. 
Subsapling density averaged 5210.5 stems per acre, 
nearly five times the density of uninfested stands at similar 
elevations (Table 5, page 35). Over one-half . of the total, 
2972 (57 %), were thornless blackberry, 950 (18.2%) red rasp-
berry (Rubus idaeus var. canadensis), 889 (17.1%) Fraser fir, 
178 (3.4%) red-berried elder and 105.5 (2%) mountain ash. 
Hobblebush and mountain cranberry displayed considerably 
lower densities than in the undisturbed stands. Skunk 
currant (Ribes glandulosum) occurred in these stands. 
Total ground coverage averaged 103.5%, slightly less 
than in uninfested stands (Table 6, page 36). Cover of Aster 
acuminatus (11.3 %), Athyrium asplenioides (38.7%), Chelone 
lyoni (4.7%), Solidago glomerata (9.2%) and all pteridophytes 
(51.7%) was greater than in undisturbed stands at similar 
elevations. Cover of Hylocomium splendens (7.3%), total moss 
coverage (11.8 %) and Oxalis acetosella coverage (7.5%) were 
much less than in high elevation uninfested stands. Senecio 
rugelia again did not occur in these Black Mountain stands. 
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Sixteen-Twenty Years After Fraser Fir Death 
The oldest infested stands sampled were those attacked 
-
by the balsam woolly aphid followed by the death of Fraser 
fir approximately 16-20 years prior to this investigation 
(n=l3). These stands were located in the Black Mountains and 
represent the most advanced stages of succession following 
the opening of the canopy. Since the forests sampled were 
all above 6000 feet elevation (Table 8, page 43), the results 
are compared to those of uninfested stands above 6000 feet 
elevation. 
Overstory density in these high elevation disturbed 
stands averaged only 59.3 sterns per acre, represented by 
three species compared to five species that occurred in the 
undisturbed stands (Table 1, page 29). Fraser fir accounted 
for 33.1 (55.8%) of this total, red spruce 16.2 (27.3%) and 
mountain ash 10 (16.9%). 
Distribution of density by diameter size classes in 
these stands was similar to that in the 11-15 year group as 
80% of the total sapling and overstory density occurred in 
the 1-8.9 inch DBH diameter size classes (Table 13). The 
complete absence of sterns greater than 21 inches DBH indicates 
that these stands may be younger than others sampled. 
Overstory basal area averaged 33.8 square feet per 
acre (Table 3, page 32). Fraser fir comprised 20.8 (61.5%) 
of this total, red spruce 10.5 (31.1%) and mountain ash the 
remaining 2.5 (7.4%). 
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Sapling density of 83.9 stems per acre was lower than 
in all other groups sampled (Table 4, page 34). Only three 
species occurred in this stratum compared to five species in 
the sapling layer of undisturbed stands at similar elevations. 
Of the total, Fraser fir contributed 58.5 (69.7%), mountain 
ash 14.6 (17.4 %) and red spruce the remaining 10.8 (12.9%). 
While the sapling layer displayed a low density in 
these stands, the subsapling stratum averaged 6238.5 stems 
per acre, the highest density of all stands sampled (Table 
5, page 35). Thirteen species were represented in the sub-
sapling layer of these stands compared to only 11 in high 
elevation undisturbed stands, and total density was over five 
times as great as in undisturbed stands. Red raspberry com-
prised the majority of this total with 3254 (52.2%) stems 
per acre, Fraser fir 1173 (18.8%), thornless blackberry -900 
(14.4%), mountain ash 307.5 (4.9%), red-berried elder 223 
(3.6%) and minnie-bush (Menziesia pilosa) 146 (2.3%). 
Only 26 taxa occurred in the ground cover samples 
compared to 34 in uninfested stands at comparable elevations. 
Total ground coverage averaged 96.8%, slightly lower than in 
undisturbed stands (Table 6, page 36). Cover of Aster 
acuminatus (20.6%), Chelone lyoni (19.7%), and Solidago 
glomerata (13.7%) was much higher than in uninfested stands 
at similar elevations. Total coverage of mosses (9.1%), 
Hylocomium splendens (1.1 %), Athyrium asplenioides (13.1%), 
Dryopteris intermedia (7.6 %), pteridophytes (20.8%) and 
Oxalis acetosella (4.5 %) was significantly less than in un-
disturbed stands. Senecio rugelia was absent from these 
Black Mountains stands. 
Summary of Vegetation Analysis Results 
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Southern Appalachian fir and spruce-fir stands in-
fested by the balsam woolly aphid and uninfested stands were 
sampled to determine structure and composition. In the unin-
fested stands at or above 6000 feet elevation, overstory 
density averaged 354.7 stems per acre. Fraser fir accounted 
for 78.9% - of these and red spruce 18.4%. Only three other 
species occurred in the overstory of these sampled stands. 
Overstory density in uninfested fir and spruce-fir 
stands below 6000 feet elevation averaged 280.4 stems per 
acre but nine species contributed to this total. Fraser fir 
accounted for 58.4 % of this total and red spruce 29.1%. 
Total overstory density decreased significantly over 
time since balsam woolly aphid infestation (Table 14). This 
was due mainly to the decrease in density of overstory fir. 
Basal area totals of the higher elevation stands 
averaged only 205.6 square feet per acre, 68.1 % of which was 
Fraser fir and 29.3 % red spruce. Stands below 6000 feet ele-
vation had an average basal area total of 232 square feet 
per acre comprised of 50.9 % red spruce and 36.4% Fraser fir. 
The basal area of overstory fir and total overstory 
basal area followed trends similar to overstory density 
(Table 14). Total basal a rea continued to decrease over time 
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TABLE 14 
CHANGES IN STAND COMPOSITION OVER TIME 
Stand Characteristic 
Density of Overstory 
Fir (sterns/acre) 
Total Overstory 
Density (stems/acre) 
Basal Area of Overstory 
Fir (square feet/acre) 
Total Overstory Basal 
Area (square feet/acre) 
Density of Sapling 
Fir (sterns/acre) 
Total Sapling 
Density (stems/acre) 
Density of Subsapling 
Fir (stems/acre) 
Density of Rubus canadensis 
(Stems/acre) 
Density of Vacciniurn 
erythrocarpum (sterns/acre) 
Dens1ty of V1bumurn 
alnifoliurn (sterns/acre) 
Total Subsapling 
Density (sterns/acre) 
Oxalis acetosella Cover 
(Percent coverage) 
Total Moss Cover 
(Percent coverage) 
Total Pteridophyte Cover 
(Percent coverage) 
Total Ground Cover 
(Percent coverage) 
~=51. 
bn=30. 
Years Since Opening of CanoEl 
oa s-1ob ll-2QC 
233.9 1.5 44.9 
.320. 4 105.0 80.8 
120.3 .3 29.9 
199.6 135.6 51.4 
104.8 17.1 82.1 
168.9 118.2 142.6 
453.1 186.3 1031.0 
199.8 1089.8 1936.0 
257.6 545.0 23.5 
454.0 834.0 26.8 
1609.7 3647.6 5724.5 
32.0 33.5 6.0 
19.2 25.3 10.5 
32.2 27.0 36.2 
110.1 105.6 100.2 
since initial aphid infestation. Fir basal area decreased 
through the 5-10 year time period since initial fir death, 
then increased by the 11-20 year time period 
Total sapling density averaged 119.9 stems per acre 
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1n stands at or above 6000 feet elevation and 168~6 stems per 
acre in the lower elevation stands. Of these totals, fir sap-
lings averaged 92.6 (77.2%) and 113.7 (67.4%) respectively. 
Both total sapling density and density of sapling fir 
decreased from uninfested stands through the 5-10 year period 
since initial fir death (Table 14). However, these totals 
increased from the 5-10 year period to the 11-20 year period. 
There was no apparent explanation for this trend. 
Subsaplings displayed a more obvious and understand-
able response to aphid-caused Fraser fir death. Their total 
density averaged 1110.5 sterns per acre in the high elevation 
uninfested stands and 2828.3 stems per acre in the stands 
sampled below 6000 feet elevation. Total subsapling density 
showed a direct increase over time since initial fir death 
(Table 14). Not only did the total subsapling density in-
crease significantly as aphid-caused disturbance increased 
but the relative composition of this stratum changed drasti-
cally also. Mountain cranberry (Vacciniurn erythrocarpum) and 
hobblebush (Viburnum alnifolium) densities each increased 
approximately t wofold 5-10 years after aphid-caused fir death 
began, after which densities decreased with time (Table 14). 
Thornless blackberry (Rub us canadensis) displayed a continued 
63 
increase in density suggesting its relatively high light 
requirements. Density of subsapling fir decreased immediate-
ly following aphid infestation but had increased 10 years 
following initial fir death. 
Changes in the composition of the ground cover were 
also significant. With increased opening of the canopy, 
Oxalis acetosella and total moss cover increased slightly 
through the 5-10 year period since initial fir death (Table 
14). However, the cover of these two groups had decreased 
by the 11-20 year measurements. In contrast, total pterido-
phyte cover decreased initially, then increased with increased 
opening of the canopy. 
Correlations Between and Among Vegetation and Environmental 
Variables 
Correlation is a statistical technique used to esti-
mate or predict the degree or extent to which the dependent 
variables vary together (Sokal and Rohlf, 1969). This section 
examines the correlation among the variables listed in the 
Appendix. 
Correlation coefficients were determi_ned among site 
and vegetation variables. Matrices were developed and 
examined using data from all infested stands, all uninfested 
stands, and subsets of these based on elevation bands. All 
correlations included are significant at least at the 5% 
level of significance (Scedecor, 1956). 
64 
The mountains forming the Blue Ridge Province have 
subdued appearances due to the lack of rugged peaks and the 
presence of rounded summits and domes (Fenneman, 1938). As 
remnants of a former highland carved from an upraised low-
land or peneplain (Fenneman, 1938), these mountains have been, 
and continue to be, subjected to much weathering and physical 
degradation. Since these degradation processes have been 
operative for millions of years, physical site characteristics 
measured in the boreal forests sampled should demonstrate the 
effects of these processes. 
Correlations among site variables (Table 15) are in-
deed instructive. The correlation between elevation and 
aspect suggests small sample size resulting in location bias. 
The occurrence of both positive and negative correlations be-
tween elevation and surface rock suggests other unknown 
problems. However, the negative relationship between ele-
vation and slope angle suggests the rounded summits of the 
high mountains and supports the degradation hypothesis. The 
negative elevation and slope form relationship suggests lack 
of dissection at higher elevations. Surface rock was posi-
tively correlated with north slopes where perhaps at present 
or in the past more boulder size colluvium has developed, and 
was positively correlated with slope angle indicating that 
boulders formed more abundantly on steep slopes or they have 
become more obvious by exposure due to the removal of soils 
which might otherwise cover them there. Perhaps more cliffs 
TABLE 15 
SIGNIFICANT CORRELATIONS AMONG SITE VARIABLESa 
Site Variables 1 2 3 4 
1 Elevation 1.00 o.35b -0.49£ -0.30e 
2 Aspect 1.00 -0.33b 
3 Slope Angle 1.00 
4 Slope Fonn 
5 Surface Rock 
aAll correlations are significant at P=0.05. 
bAll undisturbed stands, n=46. 
cUndisturbed stands ~ 6000 feet elevation, n=l9. 
dUndisturbed stands < 6000 feet elevation, n=27. 
eAll disturbed stands, n=58. 
£Disturbed stands < 6000 feet elevation, n=31. 
1.00 
65 
5 
0.49c 
-0.44£ 
0.46c 
o.59b 
0.57c 
o.65d 
0.40~ 
0.55 
1.00 
and ledges were present on these steeper slopes which 
allowed for greater colluvium development. 
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Significant correlations between site and vegetation 
variables (Table 16) indicate certain relationships. Both 
the density and basal area of overstory fir were positively 
correlated with elevation as expected. However, total over-
story density and basal area were generally negatively cor-
related with elevation--apparently a response to the harsher 
environmental conditions at higher elevations caused by in-
creased exposure, a function of less protection and less 
dissection at higher elevations. Density of sapling fir was 
positively correlated with elevation indicating a good seed 
source and survival rate in higher stands. Total sapling 
density and density of subsapling fir showed positive and 
negative relationships respectively with elevation for un-
known reasons. Total subsapling density, density of Rubus, 
density of Viburnum alnifolium and density of Vaccinium 
erythrocarpum were negatively correlated with elevation in-
dicating that the optimum range of these species is at lower 
elevations. In contrast to previous reports (Whittaker, 
1956; Crandall, 1958), moss coverage was negatively correlated 
with elevation. The relationship of Oxalis acetosella cover 
and eleva tion remains somewhat contradictory. Pteridophyte 
cover was positively correlated with elevation. 
Bas al a rea of overstory fir was weakly positively re-
lated to mesi c aspect (north, northeast, east), total 
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overstory basal area was negatively correlated with such as-
pects, perhaps a climatic phenomenon. Total subsapling den-
sity, Rubus density and Vaccinium erythrocarpum density were 
negatively correlated with mesic aspect suggesting their re-
lation to aspect or their negative relationship to fir basal 
area. The contradictory relationships between moss cover 
and aspect is not fully understood. Oxalis acetosella cover 
was negatively related to mesic aspects in contrast to pre-
vious studies (Whittaker, 1956). Pteridophyte cover, es-
pecially in uninfested stands, was positively correlated with 
more northerly and easterly exposures. 
Nearly all relationships with slope angle were opposite 
of those with elevation since they were negatively correlated. 
Factors associated with elevation are presumed to be control-
ling. Both density and basal area of overstory fir were 
therefore negatively related to slope angle; total overstory 
density was positively correlated with slope angle. Density 
of sapling fir and total sapling density were negatively 
related to slope angle, higher densities occurred at higher 
elevations. Density of subsapling fir and density of 
Vaccinium erythrocarpum, however, were positively related to 
slope angle in certain infested stands. At lower elevations 
where slope angle increased, moss cover also increased. 
Oxalis acetosella cover and pteridophyte cover were negative-
ly correlated with slope angle, probably due to decreased 
slope angle at higher elevations. 
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Slope position showed little relationship with the 
vegetation variables measured. ·In high elevation infested 
stands the density of Vaccinium erythrocarpum increased down-
slope, perhaps a function of elevation position. Pterido-
phyte cover was also positively related to lower slope 
position (increased protection). 
Slope form was negatively correlated with the density 
and basal area of overstory fir in lower elevation disturbed 
stands indicating that fir o~curred there in more convex-
shaped sites. Similarly, the density of sapling fir and 
total sapling density increased on flat to convex-shaped 
sites. The density of subsapling fir in high elevation 
stands, however, was positively correlated with slope form 
indicating that fir reproduction was greater in depressions. 
Moss cover displayed a similar trend. 
Surface rock cover was positively correlated with 
elevation in certain uninfested stands and therefore dis-
played similar relationships to elevation. Both the density 
and basal area of overstory fir were positively correlated 
with surface rock, probably a phenomenon related to elevation. 
Total overstory density was positively related to surface 
rock in uninfested stands possibly due to elevation. Other 
relationships of note included the negative correlations of 
the density of Rubus and Viburnum alnifolium, Oxalis and 
pteridophyte cover with surface rock, suggesting their re-
quirement for s urface soil. Only the moss species of the 
ground cover displayed positive relationships with surface 
rock indicating the t ypical epilithic growth of mosses in 
the high elevation forests of the Southern Appalachians. 
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Stand changes over time since death of overstory fir 
stems due to balsam woolly aphid attack showed significant 
trends. As expected, density of overstory fir, total 
overstory density, basal area of overstory fir and total 
overstory basal area were all negatively related to length of 
time since initiation of balsam woolly aphid disturbance. No 
significant relationships with time since disturbance were 
demonstrated by sapling stems since they had not had time to 
respond to the effects of the open-canopy stands. Subsapling 
fir density showed a positive correlation with time since 
disturbance, indicating the increased fir reproduction as a 
result of increased light in the presence of a partial canopy 
(Hart, 1959). Density of Rubus increased with an increase in 
time since disturbance as expected due to its invading 
characteristics and its shade intolerance. Other subsapling 
densities, such as Vibur~um alnifolium and Vaccinium erythro-
carpum, demonstrated negative relationships with disturbance 
indicative of their shade tolerance and their inability to 
reinvade the open sites. Both moss ~over and pteridophyte 
co ver showed ne ga tive correlations with time since balsam 
wooll y aphi d d is turbance as these species require shading. 
Signi f icant correlations among vegetation variables in 
in f es t e d and un in f ested stands (Table 17) suggest relation-
s h i ps o f int e r es t. Density of overstory fir was of course 
TABLE 17 
SIGHFICANT CORRELATHllS AM:NG VEGETATIGI VARIABLES& 
Vegetatiat 
Variables 
1 Density of 1.00 o.s9b 0. 7Sb 0.33e o.z9e 
Overstory Fir 0.91C o.ssc 0.93f 
0. 79d O.Sld 
o. 7ge 0.96e 
0.96f o.9sf 
0.99i 
z Totil OYirstory t.oo o.S9D 0.51' 
Density 0. nc 0.6se 
0. 73e o. ssf 
o.s9f 0.59& 
3 Bas a! Ai'ea of t.oo o.3ze -o.41d 
Overstory Fir 0.96f 
4 Totil OVerstory I.oo 
Basal Area 
5 oens1ty of 
Sapling Fir 
6 Total sap1mg 
Densi~ 
7 DenS1ty of 
Sli>sapling Fir 
8 Total S\bsaphng 
Density 
9 oens1t}' of bus 
Io =~~i: V16um1J11 
11 oens1ty of VacClm\JII 
e!}:throcarp.J~~-
12 MOss Cowr 
13 dxihs acetoseiia 
Cover ----
14 Ptendqillyte Cowr 
llAll c:orrelatiatS are significant at P•O.OS. 
bAll tmdisturbed stands, n•46. 
0.30e 
1.00 
CUndisturbed stllllds ~ 6000 feet elevation, n•l9. 
dundisturbed stands < 6000 feet elevatic:n, n•27. 
eAll disturbed stllllds, n•SS. 
foisturbed stands ~ 6000 feet elevation, n•27. 
iOisturbed stands < 6000 feet elevation, n•31. 
10 
-o.sob -0.46f -o.szb 
-O.S7d -0.S4d 
-0.33e 
-o. ssf 
o.z9e o.39g -0.376 -o.4oe -o.4zb 
0.56& -O.S6d -0.46f -o. sod 
-0.47e 
-o.s7f 
-0. 376 -o .48e -o. 49± -0.426 
-o.s4d -0.49d -0.61C 
-0.34e 
-0.S7f 
0.54& -o.3oo -0.53e 
-o.sze -0.49f 
-o.6of -0 . 56& 
-0.46& 
o.9zb 0.2Je 
o.ssc 
0 . 94d 
0.67e 
o.s?f 
0.49& 
Loo 
t.oo 0.576 
0.92C 
0.4Sd 
r.oo o.4zo 0. 530 
0 .94e 
0.97f 
0.46d 
0.93& 
I.oo 0.436 
t.oo 
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11 12 13 14 
0.49d o.9of -o.3ob 
0.51& -0.43d 
0.85 -o.uo 
-o.s9c 
-0.4Qd 
-o. 4oo o.51e 0.811' 
-0.48C 0.49& 
-0.42C 
0.526 o.33e o.4oo -0.356 
O.S6C O.S3C -0.42d 
O.S6d 0.43e. 
0. 79f 
0.3tb o.ssd 
0.386 o.4sa 
0.42d 
o.6ze -o.31e -o.31o 
0.576 -0.49C -0.37e -0.37e 
0.83C 0.49& -o.s6f -0.54& 
o.ssd 
-0.41& 
o.zse 
0.63& 
0.46g -o.4ze 
-o.sof 
-0.48& 
o.zse -0.300 o.54c 0.33b 
-O.Sld 0.63d 
1.00 0.48C 0.33h -o.sre 
o.4oe 0.26e -0.45& 
0.378 
t.oo -o.59d 
-o.46e 
-0.69& 
t.oo 
t.oo 
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positively related to total overstory density and to its own 
basal area. Certain infested stands displayed positive re-
lationships between overstory fir density and total overstory 
basal area and between overstory fir density and sapling fir 
desnity. The cover of the shade tolerant Oxalis acetosella 
and mosses were positively related to the density of over-
story fir. However, as fir died, Rubus and other subsaplings 
invaded the stands. Pteridophyte cover was negatively re-
lated to overstory fir density in uninfested stands. 
Total overstory density displayed essentially the same 
relationships. 
Basal area of overstory fir displayed relationships 
similar to those of the density of fir with few exceptions. 
One exception was the unexplained relationship between basal 
area of fir and the density of sapling fir as they were 
positively correlated in all infested stands sampled but 
negatively related in lower elevation uninfested stands. 
Basal area of fir was also negatively related to total sapling 
density in certain uninfested stands and negatively related 
to the density of Vaccinium erythrocarpum. 
Total overstory basal area displayed relationships 
similar to those of fir .basal area except total overstory 
basal area was positively related to the density of Vaccinium 
erythrocarpum. 
Total sapling density decreased with an increase in 
basal area of fir. 
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Density of subsapling fir and total subsapling density 
displayed similar relationships as both were negatively re-
lated to overstory densities and basal area, increased as fir 
died, were positively related to the three major subsapling 
taxa: Rubus, Viburnum and Vaccinium, but apparently provided 
too much shade for Oxalis and the pteridophytes (negative 
relationships). Moss cover displayed a positive relationship 
with total subsapling density in infested stands sampled be-
low 6000 feet elevation and a negative one in higher elevation 
uninfested stands. 
Rubus density was negatively related to overstory 
variables due to its shade intolerance, and negatively re-
lated to Oxalis cover apparently due to the dense cover 
formed by the Rubus preventing light penetration. Vaccinium 
erythrocarpum and Viburnum alnifolium were weakly positively 
correlated--Viburnum scarcely sharing its niche with other 
taxa, although it was positively related to pteridophyte 
cover. Vaccinium density was positively related to sapling 
fir and ·other understory and ground cover taxa except 
pteridophytes which displayed a negative relationship. 
Oxalis was positively related to the overstory vari-
ables, to densities of Viburnum and Vaccinium and negatively 
to density of Rubus and cover of pteridophytes. The moss-
Oxalis relationships (Crandall, 1958) did not appear. The 
negative ~elationship between Rubus and Oxalis and between 
pteridophytes and other variables has not been well docu-
mented previously. 
Regress·ion of Environmental and Vegetation Variables on 
Vegetation Characteristics 
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Twelve independent variables and 14 dependent variables 
were chosen for examination using maximum R-square improve-
ment, multiple regression techniques (Service, 1972) to indi-
cate relationships among site ~haracteristics and vegetation 
composition. Variables used in these analytical procedures 
and their respective codes appear in the Appendix Tables 18 
and 19 -- independent variables (Table 18) and dependent 
variables (Table 19). 
The regression analysis employed was performed on six 
data sets: all uninfested stands, uninfested stands at or 
above 6000 feet elevation, uninfested stands below 6000 feet, 
all infested stands, infested stands at or above 6000 feet 
and infested stands below 6000 feet. These computations were 
performed using four similar but separate procedures on all 
data sets. The first procedure tested the ability of seven 
independent variables: elevation (Xl), aspect (XZ), slope 
angle (X3), slope position (X4), slope form (XS), surface 
rock (X6) and time since disturbance due to balsam woolly 
aphid attack (X7), to predict the density of overstory fir 
(Yl), total overstory density (YZ), the basal area of over-
story fir (Y3) and total overstory basal area (Y4). The 
maximum R-square improvement technique used on this set of 
variables calculated the regression equation with the best 
single variable predictor, the equation with the best com-
bination of two variables, the equation with the best 
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combination of three variables and the equation with the 
best combination of four variables as determined by the R-
square of each equation. The regression equations selected 
for discussion are those which contain independent variables 
that contribute 5% or more to the total R-square. 
The equations in the following discussion are numbered 
consecutively to refer to the following data sets respective-
ly: 1) uninfested stands sampled at all elevations (U All), 
2) infested stands at all elevations (I All), 3) uninfested 
stands at or above 6000 feet elevation (U > 6), 4) infested 
stands at or above 6000 feet elevation (I > 6), 5) uninfested 
stands below 6000 feet elevation (U < 6) and 6) infested 
stands below 6000 feet elevation (I < 6). 
Density of overstory fir (Yl). 
1. (U All) 
2. (I All) 
3. (U > 6) 
4. (I > 6) 
5. (U < 6) 
6. (I < 6) 
Yl = -47.82 + 0.14X6 + O.OlXl 
Yl = -74.28 + 0.02Xl - 5.47X7 
Yl = 261.10 + 0.26X6 - 0.04Xl 
Y1 -182.28 - 5.68X7 + 0.03X1 
Y1 = 25.35 + 0.16X6 - 3.87X5 
- 0.15X3 
Yl = 11.84 - 2.04X7 - 0.05X3 
- 0.96X5 
R2 n S.E.E . 
. 31 46 10.40 
.68 58 4.90 
.26 19 13.13 
.68 27 6.40 
.41 27 5.39 
.54 31 1.51 
Overstory fir density is best predicted in uninfested 
stands by a few variables. In equations 1, 3 and 5 fir den-
sity is p redicted by surface rock cover (X6) and usually by 
76 
elevation (Xl). Above 6000 feet elevation (equation 3), ele-
vation (Xl) has a negative effect on density; below 6000 feet 
(equation 5), slope convexities (XS) and lower slope angles 
(X3) are important. 
In the infested stands represented by equations 2, 4 
and 6, t:me since aphid attack (X7) is important in each 
equation. Elevation (Xl) is positive on overstory fir den-
sity in all infested stands (equation 2) and infested stands 
above 6000 feet (equation 4); slope angle (X3) and slope form 
(XS) are important predictors as before. R-square averaged 
higher in equations calculated for infested stands. 
Total overstory density (Y2). 
1. (U All) Y2 = 26.12 + 0.14X6 
2. (I All) Y2 = -16.18 5.56X7 + 
3. (U > 6) Y2 = 316.60 + 0.29X3 
+ 0.1SX6 
4. (I > 6) Y2 = 50.20 - 7.52X7 
5. (U < 6) Y2 = 24.67 + 0.11X6 
6. (I < 6) Y2 = 141.91 - 0.02Xl -
- 2.37XS 
O.OlXl 
O.OSXl 
3.34X7 
R2 s n .E.E. 
.16 46 10.60 
.35 58 7.95 
.31 19 12.54 
.62 27 8.08 
.25 27 6.28 
.41 31 4.62 
As was the case with overstory fir density, total 
overstory density increased in uninfested stands with an in-
crease in surface rock cover (X6) but decreased as elevation 
(Xl) increased in high elevation uninfested stands (equation 
3) . 
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Time since balsam woolly aphid disturbance (X7) was 
the most important factor in predicting total overstory den-
sity in infested stands (equations 2, 4 and 6) and they were 
negatively related. In such stands, total overstory density 
increased with an increase in elevation (Xl) , but decreased 
with an increase in elevation (Xl) in lower elevation in-
fested stands (equation 6) for unknown reasons. 
Basal area of overs torr fir (Y3). 
R2 n S.E.E. 
1 . (U All) Y3 = -2.49 + O.OOOlXl .33 46 0.38 
+ 0.003X6 
2. (I All) Y3 = -4.19 + O.OOlXl - 0.28X7 .62 58 0.30 
3. (U > 6) Y3 = 8.42 + 0.01X6 - O.OOlXl . 2 3 19 0.37 
4. (I > 6) Y3 = -15.20 - 0.26X7 + 0.003Xl .62 27 0.39 
5. (U < 6) Y3 = 0.49 + 0.003X6 + 0.09X2 . 13 27 0.32 
6. (I < 6) Y3 = 0.79 0.13X7 - 0.003X3 .51 31 0.11 
- 0.06XS 
Surface rock cover (X6) was the best predictor (a 
positive one) of the basal area of overstory fir in uninfested 
stands (equations 1, 3 and 5). Elevation (Xl) predicted fir 
basal area positively in the whole uninfested sample (equa-
tion 1) but at high elevations (equation 3) it was negatively 
related. Basal area of overstory fir increased toward north 
aspect (X2) in lower elevation uninfested stands (also re-
ported by Whittaker, 1956). 
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Basal area of fir in infested stands was influenced in 
all three equations by time since aphid disturbance (X7) and 
by elevation (Xl) in two equations. In lower elevation in-
fested stands (equation 6) the basal area of overstory fir 
again increased on lessened slope angles (X3) and on flatter 
slope forms (XS). 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
Total overstory basal area (Y4). 
(U All) 
(I All) 
(U > 6) 
(I > 6) 
(U < 6) 
(I < 6) 
Y4 = 2.84 0.21X2 
Y4 = 1.81 0.33X7 + 0.20X2 
Y4 = 11.53 - 0.19X2 - O.OOlXl 
Y4 = -12.61 - 0.30X7 + 0.002Xl 
Y4 2.67 - 0.12X2 
Y4 = 18.01 - 0.003Xl + 0.20X2 
R2 n S.E.E. 
.18 46 0.46 
.33 58 
.46 19 
.60 27 
.06 27 
.44 31 
0.61 
0.38 
0.43 
0.48 
0.56 
Total overstory basal area in uninfested stands was 
influenced most by aspect (X2); basal area decreased toward 
more southerly and westerly exposures. 
In infested stands, total basal area was predicted 
most by time since aphid disturbance (X7), aspect (X2) and 
elevation (Xl). As expected, basal area decreased with in-
creased time since aphid disturbance (X7); more death 
occurred on the more stressed south aspects. The weak posi-
tive (equation 4) and negative (equation 3) relation of ele-
vation (Xl) to basal area is not understood. 
The second procedure used to analyze data from these 
stands tested the predictability of 10 independent variables: 
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elevation (Xl), aspect (X2), slope angle (X3), slope position 
(X4), slope form (XS), surface rock cover (X6), time since 
balsam woolly aphid disturbance (X7), canopy closure (X8), 
total overstory density (X9) and total overstory ba~al area 
(XlO), on the density of sapling fir (YS) and total sapling 
density (Y6). The results of this analysis follow. 
Density of sapling fir (YS). 
1. 
2. 
3. 
4. 
5 . 
(U All) 
(I All) 
(U > 6) 
(I > 6) 
(U < 6) 
6. (I < 6) 
YS = 24.29 - 0.16X3 - 3.43XS 
YS = -69.68 + O.OlXl + 0.13X8 
YS = -167.16 + 0.03Xl - 3.54XS 
+ 0.27X8 - 6.18Xl0 
YS = -451.16 + 0.07Xl - 5.14X2 
YS = ,12.55 0.30X3 + 7.96Xl0 
- 4.77X4 
YS = 3.78- 6.24XS + 0.20X3 
+ 1.77X2 
R2 n S.E.E. 
.13 46 8.77 
.16 58 10.69 
.66 19 4.68 
.20 27 13.33 
.39 27 8.19 
.36 31 5.55 
The density of sapling fir displayed distinctive 
trends. In uninfested stands, density increased with a de-
crease in slope angle (X3), possibly due to elevation, and 
toward convex-shaped slope form (XS), possibly also an ele-
vational effect. Sites with increased elevation (Xl) and 
canopy closure (X8) showed increased densities of sapling fir. 
The effect of total overstory basal area (XlO) (negative in 
equation 3, positive in equation 5) is not understood. 
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Infested stands showed similar relationships although 
sapling fir density increased with an increase in slope angle 
(X3) in lower elevation infested stands (equation 6) for 
unknown reasons. 
1. 
2 . 
3. 
4. 
5 . 
6. 
Total sapling density (Y6). 
(U All) 
( I All) 
(U > 6) 
(I > 6) 
(U < 6) 
(I < 6) 
Y6 = 31.09 4.32X5 0.17X3 
Y6 = 27.19 8.56X5 + 0.18X8 
Y6 = -179.36 - 6.94X5 + 0.03X1 
+ 0.24X8 
Y6 = 22.67 
Y6 = 14.82 
0.28X3 
0.38X3 + 7.31X10 
Y6 • 15.21 + 1.09X9 + 0.15X6 
- 8.38X5 
Rz n S.E.E. 
.13 46 10.58 
.16 58 13.78 
.52 19 6.35 
.08 27 14.95 
.26 27 10.74 
.49 31 10.74 
Among the equations, canopy closure (X8), overstory 
basal area (XlO) and overstory density (X9) are positively 
related to total sapling density which apparently has not yet 
responded to the newly created openings. In the uninfested 
stands, sapling density is also predicted by convex slope 
form (X5), shallow slope angle (X3) and increased elevation 
(Xl). Infested stands showed similar trends though at low 
elevations (equation 6), density is also related to surface 
rock cover (X6). 
The third procedure used to analyze data from these 
s t ands tested the predictability of 12 independent variables: 
the same 10 as used previously and density of sapling fir 
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(Xll) and total sapling density (Xl2), on the density of 
subsapling fir (Y7), total subsapling density (Y8), density 
of Rubus (Y9), density of Viburnum alnifolium (YlO) and 
density of Vaccinium erythrocarpum (Yll). The results of 
this analysis follow. 
Density of subsapling fir (Y7). 
1. (U All) 
2 . (I All) 
3. (U > 6) 
4. (I > 6) 
5. (U < 6) 
6. (I < 6) 
Y7 = -6.26 + 8.68X5 
Y7 = -18.87 + 5.52X7 + 0.16X6 
Y7 = 47.09 - 18.99X2 + 0.61X6 
- 0.74X3 + 17.02X4 
Y7 = -620.79 + 24.59XS - 0.44X8 
+ 0.38X6 + 0.09Xl 
Y7 = 33.72 + 0.23X6- 0.98X9 
Y7 = 378.38 - 0.07Xl + 7.02X7 
- 0.27X3 - 5.67X4 
R2 n S.E.E. 
.05 46 22.48 
.23 58 16.78 
.64 19 15.22 
. 52 27 16.57 
.11 27 21.15 
.61 31 7.10 
Several variables apparently affected the density of 
subsapling fir. When considering uninfested stands, sub-
sapling fir density increased toward concave slopes (XS) 
and did so also in high elevation infested stands. Surface 
rock cover (X6) appeared to contribute significantly to in~ 
creases in the density of subsapling fir as increased exposed 
rock surface (X6) provided more open space for establishment 
of these small stems. The density of subsapling fir also 
increased with an increased loss of overstory fir due to bal-
s am woolly aphid disturbance (X7) and with a decrease in 
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canopy closure (X8) demonstrating the positive response of 
fir reproduction to the increased light availability. In-
creased densities of subsapling fir accompanied both de-
creas~s in slope angle (X3) (elevation effect) and in total 
overstory density (X9) in certain stands. The influence of 
slope position (X4) is contradictory. 
In infested stands, subsapling fir density was posi-
tively related to elevation (Xl) in high stands (equation 4) 
and negatively so in lower stands (equation 6) for reasons 
unknown. 
The very low R-square achieved in half of the equa-
tions strongly suggests the periodic seeding and survival of 
this layer in years prior to sampling. 
Total subsaEling density (Y8) . 
R2 n S.E.E. 
1. (U All) Y8 = 22.16 - 1.53X9 + 30.86Xl0 .31 46 30.49 
2 . (I All) Y8 = 245.61 - 40.55X2 - 3.62X9 .40 58 63.50 
3 0 (U > 6) Y8 62.07 - 20.95X2 + 20.88X4 .51 19 20.58 
+ 0.43X6 - 0.60X3 
4 0 (I > 6) Y8 = 236.38 - 111.79Xl0 .59 27 66.64 
- 2.67X3 - 27.71X2 + 51.73X5 
50 (U < 6) Y8 = 77.69 - 3.76X9 + 23.67Xl0 .49 27 25.21 
+ 0.76X3 
6 0 (I < 6) Y8 = 176.37 - 30.51X2 - 0.44X6 .38 31 44.66 
Many factors affected the total subsapling density. 
In uninfested stands, this density increased with an increase 
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in total overstory basal area (XlO), toward downslope posi-
tions (X4) and with an increase in surface rock (X6). Slope 
angle (X3) displayed contrasting relationships here for 
reasons unknown. In certain uninfested stands and those in-
fested stands of all elevations (equation 2), total subsap-
ling density increased with decrease in total overstory 
density (X9), apparently due to increased light intensities. 
In infested stands, total subsapling density consistently 
increased toward the south and west aspects (X2). This 
apparently is caused by the increased density of Rubus stems 
which occurred on drier, more exposed sites (see later). 
Other variables appeared to have less influence on the total 
subsapling density. 
Density of Rubus (Y9). 
1. (U All) 
2. (I All) 
3. (U > 6) 
4. (I > 6) 
5. (U < 6) 
6. (I < 6) 
R2 n S.E.E. 
Y9 = 46.56 O.OlXl - 0.07X6 .13 46 9.97 
Y9 72.45 + 25.96X7 - 1.191X3 .40 58 56.12 
- 26.61X2 
Y9 = 9.25- O.OOlXl- 0.02X8 .42 19 0.36 
- 0.01X3 - 0.32X4 
Y9 = 224 1.79- 72.75Xl0 .56 27 64.88 
- 3.08X3 - 0.31Xl 
Y9 = 29.80 - 13.36X4 - 0.25X6 .37 27 10.55 
- 0 .32Xll + 0.33X3 
Y9 = 67.39 - 29.32Xl0 + 2.84X9 .51 31 22.96 
- 0.72Xll- 10.18X2 
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In uninfested stands, elevation (Xl) and surface rock 
(X6) were the best determinants of the density of Rubus--it 
increased with decreased elevation (Xl) and surface rock 
(X6). Rubus density also increased on upper slopes (X4) and 
with a decrease in sapling density (Xll) presumably due to 
increased light availability. The role of slopP angle (X3) 
is contradictory. 
In infested stands, Rubus density displayed an in-
crease with increased overstory fir death due to balsam 
woolly aphid disturbance (X7), a demonstration of the 
probably high light requirements of Rubus spp. In these 
stands, Rubus density increased toward south and west ex-
posures (X2), increased as slope angle (X3) decreased, in-
creased as total overstory basal area (XlO) decreased and 
increased as total sapling density (Xll) decreased. All 
these relationships demonstrate that drier, more exposed and 
open areas are required for dense Rubus growth. This has 
been previously reported (Brown, 1941; Crandall, 1958). 
Densitz: of Viburnum alnifoliurn (Y 10) . 
R2 n S.E.E. 
1. (U All) YlO = 21.56 - 0.44X9 - 0.19X6 .30 46 12.51 
+ 0.33X3 
2 . (I All) YlO = 41.40 6.67X7 - 0.63X9 . 2 7 58 11.61 
3. (U > 6) YlO = 11.37 0.13X6 . 3 2 19 6.69 
4 . (I > 6) YlO = 43.16 O.OlXl - 0.02X6 .43 27 0.96 
- 0.03X9 
5. (U < 6) 
6. (I < 6) 
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YlO = -122.78- 1.18X9 + 0.03Xl .43 27 12.43 
+ 5.82X5 
YlO = 309.77- 18.88X7- 1.31X9 .51 31 12.55 
- 0.04Xl 
The density of Viburnum alnifolium was greatest where 
exposed surface rock (X6) was the least and where total over-
story density (X9) was low. Increased densities of Viburnum 
alnifolium also occurred toward concave slopes (X5) and 
usually decreased elevation (Xl) . . Viburnum density decreased 
with an increase in overstory fir death due to aphid dis-
turbance (X7), a negative response to increased light inten-
sities. 
Density of Vaccinium erythrocarpum (Yll). 
1. (U All) 
2. (I All) 
3. (U > 6) 
4. (I > 6) 
5. (U < 6) 
6. (I < 6) 
R2 n S.E.E. 
Yll = 4.75 + 14.58Xl0 + 0.44X11 .56 46 
- 0.32X8 - 3.09X2 - 0.25X9 
8.74 
Yll = 10.90 + 11.47X10 - 0.64X9 .27 58 10.23 
- 3.44X2 
Y11 = -14.89 + 12.46Xl0 
- 0.13X9 + 0.28X11 - 0.18X8 
+ 2.34X4 
Y11 = -1.51 + 1.03X4 + 0.02X3 
Y11 = -19.21 + 22.32X10 
- 0.85X9 
.59 19 3.17 
.48 27 0.79 
.44 27 12.50 
Y11 = 41.23 + 0.72X3- 14.58X7 .36 31 12.63 
- 0.33X11 
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Density of Vaccinium erythrocarpum in uninfested plots 
was positively related to overstory basal area (XlO), nega-
tively related to overstory density (X9) and positively on 
sapling density (Xll), all indicating mature stands. That 
there are openings even in these stands is suggested by the 
negative canopy closure (X8) relationship. 
Infested plots were also positive on basal area (XlO) 
and negative on overstory density (X9), sapling density (Xll) 
and time since aphid attack (X7). 
The fourth analytical procedure used tested the abil-
ity of 12 independent variables: elevation (Xl), aspect (X2), 
slope angle (X3), slope position (X4), slope form (XS), sur-
face rock (X6), time since balsam woolly aphid disturbance 
(X7), canopy closure (X8), total overstory density (X9), 
total overstory basal area (XlO), total sapling density 
(Xll) and total subsapling density (Xl2), to predict total 
moss cover (Yl2), Oxalis acetosella cover (Yl3) and total 
pteriodophyte cover (Yl4). 
Moss cover (Yl2). 
1. (U All) 
2. (I All) 
3. (U > 6) 
4. (I > 6) 
Yl2 = 133.92 + 0.26X6 
- 0.02Xl - 7.12XS 
Yl2 96.74- O.OlXl 
Yl2 = 176.83 + 10.25X2 
- 0.03Xl + 0.21X8 
Yl2 = 8.80 + 0.1SX8 
R2 n S.E.E . 
. 38 46 12.32 
.22 58 10.27 
.71 19 6.57 
.15 27 8.48 
5. (U < 6) 
6. (I < 6) 
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Yl2 = 15.78 + 0.30X6 .35 27 14.02 
Yl2 = -7.00 + 0.12Xl2 + 0.60X3 .53 31 8.00 
The relationships between moss cover and other varia-
bles are instructive. Moss cover decreased distinctly with 
an increase in elevation (Xl), in contrast to previous re-
ports that moss cover 1n fir and spruce-fir forests of the 
Southern Appalachians strongly increase along an increasing 
elevational gradient (Whittaker, 1956; Crandall, 1958). Moss 
cover increased toward north aspects (X2) (see also Whittaker, 
1956) and increased with an increase in canopy closure (X8). 
The shade tolerance of these bryophytes is well known (Sharp, 
1939). Sites with greater amounts of exposed rock surface 
(X6) displayed greater moss cover suggesting the epilithic 
growth habit common among the mosses. The role of steep 
slopes (X3) is probably a function of rock cover (Table 15, 
page 6 5) . The relationship to convex form (X5) is not 
understood. 
Oxalis acetosella cover (Yl3) . 
Rz n S.E.E. 
1. (U All) Yl3 = 15.85 + 14.22Xl0 . 2 7 46 -15.59 
- 0.41X3 
2. (I All) Yl3 = 160.31 - 0.02Xl .47 58 13.84 
- 6.29X7 
3. (U > 6) Yl3 = 404.22 - 0.06Xl . 56 19 14.04 
- 7.13X2 + 0.40X8 
4 . (I > 6) Yl3 = 3 .·28 + 0.33X8 . 76 27 3.68 
5. (U < 6) 
6. (I < 6) 
Yl3 = - 76.12 + 0.63Xll 
+ 0.02Xl 
Yl3 = 125.50 - 0.16Xl2 
-15.18X7 - 10.93X5 
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.28 27 13.81 
.49 31 13.98 
In this study, Oxalis cover decreases (equations 2 and 
3) and increases (equation 5) with increased elevation (Xl). 
Oxalis cover has been previously reported to increase with an 
increase in elevation (Crandall, 1958). The relative shade 
tolerance of Oxalis was demonstrated by its increase with in-
creased canopy closure (X8) and with decreased overstory fir 
death due to aphid disturbance (X7). Increased coverage of 
Oxalis accompanied decreases in slope angle (X3), and toward 
south and west exposures (X2). In uninfested stands, cover 
of the shade tolerant Oxalis increased with increases in 
total overstory basal area (XlO), increased canopy closure 
(X8) and total sapling density (Xll). However, apparently 
Oxalis requires more light than was available in the infested 
stands that had been invaded by subsaplings since Oxalis 
cover decreased with an increase in total subsapling density 
(Xl2). 
In lower elevation infested stands (equation 6), 
Oxalis cover increased toward convex slopes (X5) for un-
known reasons. 
Pteridophyte cover (Yl4). 
1. (U All) 
2. (I All) 
3. (U > 6) 
4. (I > 6) 
5. (U < 6) 
6. (I < 6) 
Yl4 = 73.17- 19.77Xl0 
- 0.31X6 + 7.77X5 
Yl4 = -5.48 + 15.20X2 
- 0.66X3 + 9.79X4 
Yl4 = 33.56 - 0.48X6 - 0.88X9 
+ 23.32X4 - 0.38Xl2 + 14.22X5 
Yl4 = -1.94 + 20.48X4 
- 0.70X3 + 10.14X2 
Yl4 = -51.15 - 11.47Xl0 
- 0.72X9 + 0.02Xl + 6.37X5 
Yl4 = -758.70 + 14.78X2 
+ 0.13Xl 
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R2 n S.E.E. 
.34 46 17.60 
.47 58 16.32 
.78 19 13.23 
.64 27 13.49 
.38 27 13.00 
.57 31 15.15 
Pteridophyte cover in uninfested plots (equations 1, 3 
and 5) was higher in low overstory basal area (XlO) and den-
sity (X9) stands, with less rock cover (X6), concave slope 
shapes (X5), lower slope positions (X4), higher elevations 
(Xl) and fewer subsaplings (Xl2). Pteridophyte cover in in-
fested plots (equations 2, 4 and 6) was related to north and 
east aspects (X2), low slope angles (X3), lower slope posi-
tions (X4) and higher elevations (Xl). 
V. CONCLUSIONS 
Distinct trends were apparent in the population dy-
namics of the Southern Appalachian boreal forest ecosystem 
due to the death of Fraser fir as a result of balsam woolly 
aphid attack. As expected, overstory density and basal area 
totals decreased drastically following aphid kill of overstory 
fir from the 280.4 an~ 354.7 stems per acre and 205.6 and 
232 square feet per acre in uninfested stands above and be-
low 6000 feet elevation, respectively. Sixteen to 20 years 
after initial fir death due to aphid attack, these boreal 
forests averaged only 59.3 sterns per acre and 33.8 square 
feet per acre. Correlation and regression analyses on this 
same data set demonstrated this effect that aphid-caused fir 
death had on the overstory. 
Most apparent changes in the populations of these high 
elevation forests were in the understory and ground cover 
strata. As shown by simple vegetation analysis and by cor-
relation and regression results, the common understory taxa 
in these forests, mountain cranberry (Vaccinium erythrocarpum) 
and hobblebush (Viburnum alnifolium), decreased in density 
due to opening of the canopy upon fir death. Densities of 
mountain cranberry and hobblebush decreased from 257.6 and 
454.0 in uninfested stands to 19.0 and 42.5 stems per acre 
respectively in stands 16-20 years after initial fir death. 
Thornless blackberry (Rubus canadensis) showed a significant 
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increase in density as aphid attack caused increased openings 
in the canopy. It averaged 199.8 stems per acre in unin-
fested stands and increased to 1938 in the most infested and 
oldest stands sampled. 
Total ground cover remained rather constant as aphid-
caused fir death increased. However, composition nf this 
stratum changed. Oxalis acetosella decreased from a coverage 
of 32% in uninfested stands to 6% in stands with the oldest 
and most severe aphid damage. Total moss cover decreased from 
19.5% in uninfested stands to 10.5% in stands with initial 
fir death 16-20 years prior. 
Several important relationships were demonstrated by 
correlation and regre~sion analyses. Total overstory tree 
basal increased as elevation decreased. Densities of thorn-
less blackberry, mountain cranberry and hobblebush and moss 
cover all increased downslope. Pteridophyte cover was 
positively related to elevation. 
Oxalis acetosella cover and thornless blackberry den-
sity increased toward drier sites. Pteridophyte cover in-
creased toward mesic sites. 
Thornless blackberry and mountain cranberry densities 
and Oxalis and pteridophyte cover increased where there was 
less exposed surface rock. 
Decreased density and basal area of overstory Fraser 
fir due to attack by the balsam woolly aphid were good pre-
dictors of increased thornless blackberry density. Decreased 
density and basal area of overstory fir were negatively 
related to coverage of mosses and pteridophytes and to 
densities of mountain cranberry and hobblebush. Subsapling 
fir densities increased with increased time since fir death 
due to aphid attack. 
Site relationships that were demonstrated included 
elevation negatively related to slope angle and concave 
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slope form. This suggests rounded summits and less dissection 
of the mountains at high elevations in the Southern Appala-
chians. Increased exposure of surface rock on north slopes 
and greater slope angles indicated greater rock exposure on 
steeper slopes. 
LITERATURE CITED 
LITERATURE CITED 
Aldrich, R. C. and A. T. Drooz. 1967. Estimated Fraser fir 
mortality and balsam woolly aphid infestation trend 
using aerial color photography. Forest Sci. 13:300-
313. 
Ayres, H. B. and W. W. Ashe. 1905. The Southern Appala-
chian forests. U. S. Geol. Survey Prof. Pap. 37. 
Balch, R. E. 1952. Studies of the balsam woolly aphid, 
Adelges piceae (Ratz.), and its effects on balsam 
fir, Abies balsamea (L.) Mill. Can. Dept. Agric. 
Publ. 867. 
Bogucki, D. J. 1972. Intense rainfall in Great Smoky Moun-
tains National Park. J. Tenn. Acad. Sci. 47:93-97. 
Brown, D. M. 1941. Vegetation of Roan Mountain: a phyto-
sociological and successional study. Ecol. Monogr. 
11:61-97. 
Bryan, M. B. 1956. A simplified method of correcting for 
slope on circular sample plots. J. Forestry 54:442-
445. 
Cain, S. A. 1930. Certain floristic affinities of the trees 
and shrubs of the Great Smoky Mountains and vicinity. 
Butler Univ. Bot. Stud. 1:129-150. 
Cain, S. A. 1931. Ecological studies of the vegetation of 
the Great Smoky Mountains of North Carolina and 
Tennessee. I. Soil reaction and plant distribution. 
Bot. Gaz. 91:22-41. 
Cain, S. A. 1935. Ecological studies of the vegetation of 
the Great Smoky Mountains. II. The quadrat method 
applied to sampling spruce and fir forest types. 
Amer. Midland Nat. 16:566-584. 
Cain, S. A. 1937. A preliminary guide to the Greenbrier-
Brushy Mountain nature trail, the Great Smoky Moun-
tains ~a tional Park. The Univ. of Tenn., Knoxville. 
Mimeographed. 29 pp. 
Cain, S. A. 1943. The tertiary character of the cove hard-
wood forests of the Great Smoky Mountains National 
Park. Bull. Torr. Bot. Club 70:213-235. 
94 
Cain, S. A. 1945. A biological spectrum of the flora of 
the Great Smoky Mountains National Park. Butler 
Univ. Bot. Stud. 7:11-24. 
Cain, S. A. and A. J. Sharp. 1938. Bryophytic unions of 
certain forest types of the Great Smoky Mountains. 
Amer. Midland Nat. 20:249-301. 
95 
Carney, C. B. 1955. Weather and climate in North Carolina. 
Agric. Expt. Sta. Bull. 396. North Carolina State 
College, Raleigh, North Carolina. 
Ciesla, W. M., H. L. Lambert, and R. T. Franklin. 1965. 
Status of the balsam woolly aphid in North Carolina 
and Tennessee--1964. U. S. Forest Service Report 
65-1-1. 11 pp. 
Coile, T. S. 1938. Podzol soils in the Southern Appalachi~n 
Mountains. Soil Sci. Soc. Amer. Proc. 3:274-279. 
Cooley, E. H. 1954. A study of plant distribution patterns 
at a mid-altitude location in the Great Smoky Moun-
tains National Park. M.S. Thesis. The Univ. of Tenn., 
Knoxville. 56 pp. 
Crandall, D. L. 1958. Ground vegetation patterns of the 
spruce-fir area of the Great Smoky Mountains National 
Park. Ecol. Monogr. 28:337-360. 
Crum, H. A., W. C. Steele, and L. E. Anderson. 1973. A 
new list of mosses of North America north of Mexico. 
The Bryologist 76:85-130. 
Davis, J. H. 1930. Vegetation of the Black Mountains of 
North Carolina: an ecological study. Jour. Elisha 
Mitchell Sci. Soc. 45:291-318. 
DeVore, J. E. 1972. Fraser fir in the Unicoi Mountains. 
Castanea 37:148-149. 
Dickson, R. R. 1959. Some climate-altitude relationships 
in the Southern Appalachian mountain region. Bull. 
Amer. Meteor. Soc. 40:352-359. 
Fenneman, N. M. 
States. 
1938. Physiography of eastern United 
McGraw-Hill, New York. 714 pp. 
Gattinger, A. 1901. The flora of Tennessee and a philosophy 
of botany. Gospel Advocate Pub. Co., Nashville. 
296 pp. 
96 
Goldston, E. F., W. A. Davis, C. W. Croom, and W. J. Morgan. 
1954. Soil survey of Haywood County, North Carolina. 
U. S. D. A. Series 1940, No. 11. 
Hadley, J. B. and R. Goldsmith. 1963. Geology of the 
eastern Great Smoky Mountains, North Carolina and 
Tennessee. U. S. Geol. Surv. Prof. Pap. 349-B:Bl-
Bll8. 
Harper, R. M. 1947. Preliminary list of Southern Appalachian 
endrmics. Castanea 12:100-112. 
Harshberger, J. W. 1903. An ecological study of mountainous 
North Carolina. Bot. Gaz. 36:241-258; 368-383. 
Hart, A. C. 1959. Silvical characteristics of balsam fir. 
U. S. D. A. Northwestern Forest Expt. Sta. Paper No. 
122. 
Hoffman, H. L. 1964a. Check list of vascular plants of the 
Great Smoky Mountains. Castanea 29:1-45. 
Hoffman, H. L. 1964b. Boreal forest vascular plants which 
are also native to the Great Smoky Mountains. Wild 
Flower 40:6-11. 
Hoffman, H. L. 1966. Supplement to check list, vascular 
plants, Great Smoky Mountains. Castanea 31:307-310. 
Holmes, J. S. 1911. Forest conditions in western North 
Carolina. The North Carolina Geological and Econo-
mic Survey. Bull. No. 23. 
House, H. D. 1913. Woody plants of North Carolina. C. F. 
Wintersche Buchdruckerel, Darmstadt. 
Hubbard, E. H., M. E. Austin, C. B. Beadles, W. E. Cartwright, 
J. A. Elder, E. P. Whiteside, and M. M. Striker. 1956. 
Soil survey of Sevier County, Tennessee. U. S. D. A. 
Series 1945, No. 1. 
Johnson, K. D. 1977. Balsam woolly aphid infestation of 
Fraser fir in the Great Smoky Mountains. M.S. Thesis. 
The Univ. of Tenn., Knoxville. 64 pp. 
Keith, A. 1905. Description of the Mount Mitchell quad-
rangle, North Carolina-Tennessee. U. S. Geol. Surv. 
Geol. Atlas Folio No. 124. 
Korstian, C. F. 1937. Perpetuation of spruce on cut-over 
and burned lands in the higher Southern Appalachian 
Mountains. Ecol. Monogr. 7:125-167. 
97 
Little, E. L. 1953. Checklist of native and naturalized 
trees of the United States (including Alaska). U. S. 
D. A. Forest Service Agric. Handbook No. 41. 472 pp. 
Little, E. L. 1971. Endemic, disjunct and northern trees 
in the Southern Appalachians, pp. 249-290. In: The 
distributional history of the biota of the Southern 
Appalachians. Part II. Flora. Edited by P. C. Holt, 
Blacksburg, Virginia. 414 pp. 
McCracken, R. J., R. E. Shanks, and E. E. C. Clebsch. 1962. 
Soil morphology and genesis at higher elevations of 
the Great Smoky Mountains. Soil Sci. Soc. Amer. 
Proc. 26:384-388. 
McGinnis, J. T. 1958. Forest litter and humus types of 
East Tennessee. M.S. Thesis, The Univ. of Tenn., 
Knoxville. 82 pp. 
Mark , A . F . 1 9 5 8 . 
grass balds. 
The ecology of the Southern Appalachian 
Ecology 28:293-336. 
Message from the President. 1902. A report to the Secretary 
of Agriculture in relation to the forests, rivers, and 
mountains of the Southern Appalachian region. U. S. 
Govt. Printing Off., Washington, D. C. 201 pp. 
Myers, 0. and F. H. Bormann. 1963. Phenotypic vari~tion in 
Abies balsamea ih response to altitudinal and geo-
graphic gradients. Ecology 44:429-436. 
Nagel, W. P. 1959. Status of the balsam woolly aphid in the 
Southeast in 1958--with special references to the in-
festations on Mount Mitchell, North Carolina and 
adjacent lands. U. S. D. A. Forest Service, South-
east Forest Expe~iment Station Report 59-1. 
Norris, D. H. 1964. Bryoecology of the Appalachian spruce-
fir zone. Ph.D. Dissertation. The Univ. of Tenn., 
Knoxvi 11 e. 17 5 pp. 
Oosting, H. J. and D. W. Billings. 1951. A comparison of 
virgin spruce-fir forests in the northern and southern 
Appalachian system. Ecology 32:84-103. 
Perkins, S. 0. and W. Gettys. 
County, North Carolina. 
No. 15. 
1952. Soil survey of Yancey 
U. S. D. A. Series 1939, 
Pinchot, G. and W. W. Ashe. 1897. Timber trees and forests 
of North Carolina. No rth Carolina Geol. Surv. Bull. 
No. 6. 
Radford, A. E., H. E. Ahles, and C. R. Bell. 1968. Manual 
of the vascular flora of the Carolinas. Univ. of 
North Carolina Press, Chapel Hill. 1183 pp. 
Ramseur, G. S. 1960. The vascular flora of high mountain 
communities of the Southern Appalachians. Jour. 
Elisha Mitchell Sci. Soc. 76:82-112. 
Raunkiaer, C. 1934. The life forms of plants and plant 
geography. Oxford Univ. Press. 632 pp. 
98 
Rauschenberger, J. L. and H. L. Lambert. 1968. Status of 
the balsam woolly aphid on Mount Mitchell State Park. 
U. S. D. A. Forest Service Report No. 69-1-27. 
Rauschenberger, J. L. and H. L. Lambert. 1969. Status of 
the balsam woolly aphid in the Southern Appalachians--
1968. U. S. D. A. Forest Service Report No. 69-1-29. 
Rauschenberger, J. L. and H. L. Lambert. 1970. Status of the 
balsam woolly aphid in the Southern Appalachians--
1969. U. S. D. A. Forest Service Report No. 70-1-44. 
Schofield, W. B. 1960. The ecotone between spruce-fir and 
deciduous forest in the Great Smoky Mountains. Ph.D. 
Dissertation. Duke University, Durham. 
Service, J. 1972. A user's guide to the statistical analy-
sis system. Student Supply Store, North Carolina 
State University, Raleigh. 260 pp. 
Shanks, R. E. 1953. 
sample si ze. 
Biased forest stand estimates due to 
Science 118:750-751. 
Shanks, R. E. 195 4 . Climates of the Great Smoky Mountains. 
Ecology 35:354-361. 
Shanks, R. E. 1956. Altitudinal and microclimatic relation-
ships of so i l temperature under natural vegetation. 
Ecology 37:1-7. 
Shanks, R. E. a nd F. H. Norris. 1950. Microclimatic varia-
tion in a small valley in eastern Tennessee. 
Ecology 31:532-539. 
Sharp, A. J. 1939. Taxonomic and ecological studies of 
eastern Tennessee bryophytes. Amer. Midland Nat. 21: 
267-354. 
99 
Silen, R. R. and L. R. Woike. 1959. The Wind River Arbore-
tum. Pacific Northwest Forest and Range Experiment 
Station Research Pap. 33. 
Smallshaw, J. 1953. Some precipitation-altitude studies 
of the Tennessee Valley Authority. Trans. Amer. 
Geophys. Union 34:583-588. 
Snedecor, G. W. 1956. Statistical methods. Iowa State 
University Press, Ames. 534 pp. 
Sakal, R. R. and F. J. Rohlf. 1969. Introduction to bio-
statistics. W. H. Freeman and Co., San Francisco. 
368 pp. 
Speers, C. F. · 1958. The balsam woolly aphid in the south-
east. J. Forestry 56:515-516. 
Stephens, L. A. 1969. A comparison of climatic elements 
at four elevations in the Great Smoky Mountains. 
M.S. Thesis. The Univ. of Tenn., Knoxville. 119 pp. 
Stupka, A. 1964. Trees, shrubs, and woody vines of Great 
Smoky Mountains National Park. The University of 
Tennessee Press, Knoxville. 186 pp: 
Thor, E. and P. E. Barnett. 1974. Taxonomy of Abies in 
the Southern Appalachians: variation in balsam 
monoterpenes and wood properties. Forest Sci. 20: 
32-40. 
Thornthwaite, C. W. 1931. The climates of North America 
a ccording to a new classification. Geog. Rev. 21: 
633-655. 
Thornthwaite, C. W. 1948. An approach toward a rational 
classification of climate. Geog. Rev. 38:55-94. 
Wang, J. 1963. Agricultural meteorology. Pacemaker Press, 
Milwaukee. 693 pp. 
We aver, G. T. 19 7 2. Dry matter and nutrient dynamics in 
red spruce-Fraser fir and yellow birch ecosystems in 
the Balsam Mountains, western North Carolina. Ph.D. 
Dissertation. The Univ. of Tenn., Knoxville. 406 pp. 
Whittaker, R. H. 1948. 
Smoky Mountains. 
Illinois, Urbana. 
A vegetation analysis of the Great 
Ph.D. Dissertation. University of 
478 pp. 
Whittaker, R. H. 
Mountains. 
1956. Vegetation of the Great Smoky 
Ecol. Monogr. 26:1-80. 
100 
Wolfe, J. A. 1967. Forest soil characteristics as influ-
enced by vegetation and bedrock in the spruce-fir 
zone of the Great Smoky Mountains. Ph.D. Dissertation. 
The Univ. of Tenn., Knoxville. 193 pp. 
Zavarin, E. and K. Snajberk. 1972. Geographical variability 
of monoterpenes from Abies balsamea and Abies fraseri. 
'Phytochemistry 11:1407-1421. 
APPENDIX 
APPENDIX 
TABLE 18 
INDEPENDENT VARIABLES USED IN CORRELATION 
AND REGRESSION ANALYSES 
Variable 
Xl - Elevation 
X2 - Aspect 
202.50-247.50 
157.5°-202.5° 
247.5°-292.5° 
112.5°-157.5° 
292.5°-337.5° 
67.5°-112.5° 
337.5°- 22.5° 
22.s0- 67.5° 
X3 - Slope angle 
X4 - Local slope position 
Upper slope to ridge 
Middle slope 
Lower slope to draw 
XS - Slope fonn 
Convex 
Flat 
Concave 
X6 - Surface rock 
X7 - Balsam woolly aphid 
disturbance 
0 years (uninfested) 
0 years (infested, fir not dead) 
5-6 years 
7-10 years 
11-15 years 
16-20 years 
Code 
Recorded to nearest 10 feet 
Recorded to nearest degree then coded 
1 
2 
2 
3 
3 
4 
4 
5 
Recorded to nearest percent 
1 
2 
3 
1 
2 
3 
Recorded to nearest 5% 
Recorded to number of years since time 
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of death of fir then coded 
1 
2 
3 
4 
5 
6 
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TABLE 18 (Continued) 
Variable 
X8 - Canopy closure 
X9 - Total density of overstory 
XlO - Total basal area of 
overs tory 
Xll - Total density of 
saplings 
Xl2 - Total density of sub-
saplings 
Code 
Recorded to nearest 5% 
Recorded by absolute number of stems 
Recorded by absolute basal area 
of sterns 
Recorded by absolute number of stems 
Recorded by absolute number of sterns 
TABLE 19 
DEPENDENT VARIABLES USED IN CORRELATION 
AND REGRESSION ANALYSES 
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Variable Symbol Variable 
Yl 
Y2 
Y3 
Y4 
YS 
Y6 
Y7 
Y8 
yg 
YlO 
Yll 
Yl2 
Yl3 
Yl4 
Density of overstory fir 
Total density of overstory 
Basal area of overstory fir 
Total basal area of overstory 
Density of fir saplings 
Total density of saplings 
Density of fir subsaplings 
Total density of subsaplings 
Density of Rubus 
Density of Viburnum alnifolium 
Density of Vaccinium erythrocarpum 
Moss cover (percent) 
Oxalis acetosella cover (percent) 
Pteridophyte cover (percent) 
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